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PREFACE. 

The  history  of  the  domestic  production  of  manganese  ores  and 
alloys  during  the  war,  in  connnon  with  that  of  several  other  mate- 
rials equally  essential  for  war  purposes,  is  of  interest  because  of  its 
showing  how  a  hitherto  latent  industry  responded  quickly  to  the 
spur  of  necessity. 

In  the  past  the  supplies  of  manganese  ores  used  in  this  country 
have  come  largely  from  Russia  and  India.  More  recently  imports 
from  Brazil  began  to  assume  importance,  but  up  to  1914  they  were 
still  a  relatively  minor  factor.  Also,  small  amounts  came  from  Cuba 
and  Central  America,  The  domestic  output,  however,  was  practi- 
cally negligible. 

The  European  war  soon  shut  off  Russian  sources,  and  receipts 
from  India  declined.  The  domestic  output  became  somewhat  larger, 
but  the  deficit  was  principally  made  up  by  greatly  increased  imports 
from  Brazil. 

When  this  country  entered  the  war,  the  manganese  situation  be- 
came acute.  Manganese  being  essential  in  the  manufacture  of  steel, 
the  insuring  of  an  adequate  supply  was  imperative.  On  account  of 
the  increasing  difficulty  of  obtaining  foreign  ores,  through  uncertain 
output  and  shortage  of  shipping,  it  was  obvious  that  this  country 
must  turn  to  its  own  deposits.  In  July,  1917,  the  war  minerals  com- 
mittee was  established,  and  sur^-eys  of  the  domestic  manganese  situ- 
ation were  begun.  By  the  end  of  the  year  the  domestic  output  had 
reached  hitherto  unprecedented  figures. 

Early  in  1918  the  need  of  diverting  every  available  ship  to  the 
transportation  of  troops  and  military  supplies  made  necessary  the 
reducing  to  the  minimum  of  all  imports  of  materials  that  could  be 
produced  in  this  country.  The  manganese  situation  was  studied 
most  thoroughly  by  various  governmental  bodies,  in  cooperation 
with  the  ferro-aUoys  subcommittee  of  the  American  Iron  and  Steel 
Institute,  and  a  program  was  formulated  for  reducing  overseas  im- 
ports to  the  minimum  figure  consistent  with  the  production  of  an 
adequate  supply  of  steel.  To  stimulate  domestic  production,  a 
higher  price  schedule  was  announced  by  the  American  Iron  and  Steel 
Institute,  with  the  approval  of  the  War  Industries  Board.  At  the 
same  time  the  market  for  leaner  domestic  ores  was  broadened  by 
lowering  the  standard  grade  for  manganese  aUoys. 

As  a  result,  had  the  war  continued  through  the  year  1918,  there 
would  have  been  produced  more  than  300,000  tons  of  domestic  ores 
containing  not  less  than  35  per  cent  metallic  manganese,  with  larger 

1 


2  PREFACE. 

quantities  than  ever  before  of  the  lower  grade  ores  suitable  for  the 
manufacture  of  spiegeleisen.  In  addition,  alloys  of  domestic  manu- 
facture of  the  alloys  had  entirely  replaced  those  formerly  imported. 
In  November,  1918,  when  hostilities  ceased,  there  was  nearly  a  j^ear's 
supply  of  ore  and  alloys  on  hand.  As  a  result,  the  buying  stopped 
almost  at  once  and  production  fell  rapidly.  Mines  were  shut  down 
and  furnaces  were  blown  out  or  used  for  other  products. 

Various  proposed  measures  for  stabilizing  the  industry  were  con- 
sidered, but  none  seemed  to  meet  the  situation.  In  1919  the  war 
minerals  relief  bill  was  passed,  establishing  a  commission  for  investi- 
gating losses  incurred  in  the  production  of  manganese  and  certain 
other  minerals  and  for  reimbursement  where  the  investments  were 
due  to  representations  of  the  Government. 

During  the  war  the  engineers  connected  with  the  war  minerals 
investigations  of  the  Bureau  of  Mines  kept  in  touch  with  develop- 
ments in  the  industry.  Wherever  possible  advice  and  help  in  mining 
and  milling  problems  were  given  by  correspondence  or  in  person. 
Metallurgical  problems  were  carefully  studied,  not  only  those  bearing 
on  the  manufacture  of  the  alloys,  but  those  relating  to  the  use  of  the 
alloys  in  the  manufacture  of  steel.  The  chief  end  kept  in  view  was 
to  eliminate  waste  and  to  widen  and  popularize  the  use  of  the  leaner 
domestic  ores. 

In  order  to  supplement  the  field  work  and  make  public  the  results 
of  its  investigations,  the  Bureau  of  Mines  published  a  series  of  mimeo- 
graphed bulletins  dealing  with  those  phases  of  the  industry,  which 
were  studied  in  some  detail.  The  object  of  this  report  is  to  present 
these  papers  in  more  permanent  form,  in  the  hope  that  the  informa- 
tion may  be  of  present  or  future  value  to  the  industry. 

J.  E.  Spurr, 
Executive,  War  2Unerals  Investigations. 


MANGANESE  USES:  TRErARATION,  MINING  COSTS, 
AND  THE  PRODUCTION  OF  FERROALLOYS. 


By  C.  M.  Weld  and  Others. 


INTRODUCTION. 

Diu'ing  the  past  two  yeai-s  the  Bureau  of  Mines  has  issued  a  series 
of  mimeographed  reports  giving  the  results  of  research  work  and 
experiments  conducted  as  part  of  its  war  minerals  investigations. 

In  this  bulletin  the  reports  on  manganese  are  presented,  which 
range  in  scope  from  the  beneficiation  of  the  ore  to  the  utilization 
of  the  metal.  The  bulletin  is  in  eleven  chapters,  each  comprising 
a  separate  report,  arranged  in  the  order  given  below. 

1.  General   information   regarding   manganese,    by   C.    M.    Weld. 

2.  Uses  of  manganese  other  than  in  steel  making,  by  W.  C.  Phalen. 

3.  Problems  involved  in  the  concentration  and  utilization  of 
domestic  low-grade  manganese  ores,  by  Edmund  Newton. 

4.  Preparation  of  manganese  ore,  by  W.  R.  Crane. 

5.  Leaching  of  manganese  ores  with  sulphur  dioxide,  by  C.  E. 
Van  Barneveld. 

6.  The  Jones  process  for  concentrating  manganese  ores;  results  of 
laboratory  investigations,  by  Peter  Christianson  and  W.  H.  Himter. 

7.  Cost  of  producing  ferromanganese  ores,  by  C.  M.  Weld  and 
W.  R.  Ci-ane. 

8.  Production  of  manganese  alloys  in  the  l)last  furnace,  by  P.  IT. 
Royster. 

9.  National  importance  of  allocating  low-ash  coke  to  the  man- 
ganese-alloy furnaces,  by  P.  II.  Royster. 

10.  Electric  smelting  of  domestic  manganese  ores,  by  H.  W. 
Gillett  and  C.  E.  Williams. 

11.  Use  of  manganese  alloys  in  open-hearth  steel  practice,  by 
Samuel  L.  Hoyt. 

As  each  chapter  was  originally  prepared  as  a  unit,  there  is  neces- 
sarily some  duplication  and  overlapping.  With  certain  exceptions, 
however,  each  paper  is  reproduced  in  practically  its  origmal  form. 

In  chapter  1,  covering  certain  general  phases  of  the  industry, 
such  as  uses,  specifications,  prices,  and  statistics,  the  subject  matter 
has  been  somewhat  modified  in  view  of  changes  in  conditions. 
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4  MANGANESE. 

About  95  per  cent  of  the  manganese  consumed  in  the  United 
States  goes  into  the  manufacture  of  steel.  The  remaining  5  per  cent 
is  used  in  a  number  of  minor  industries,  the  chief  of  which  is  the 
manufacture  of  dry  cells.   These  minor  uses  are  described  in  chapter  2. 

No  discussion  of  the  geology  of  manganese  ores  is  presented,  but 
a  short  bibliography  on  the  subject  is  appended.  With  few  excep- 
tions the  manganese  deposits  of  the  United  States  are  irregular, 
pockety,  and  uncertain.  Largely  for  this  reason,  mining  methods 
are  crude  and  hardly  warrant  descriptions. 

The  concentration  of  manganese  ores,  however,  is  an  important 
problem  and  involves  some  details  not  common  to  other  ores. 
Chapter  3  discusses  the  concentration  and  utilization  of  low-grade 
ores,  notes  the  relationship  of  concentration  to  metallurgical  prac- 
tices, outlines  concentrating  processes,  and  treats  of  commercial 
problems. 

In  general,  as  regards  concentration  methods,  manganese  ores 
may  be  divided  into  two  groups,  as  follows:  (1)  Ores  permitting 
mechanical  separation  of  the  manganese  minerals  and  the  gangue, 
and  (2)  ores  in  which  the  manganese  minerals  and  the  gangues  are 
so  intimately  associated  that  separation  requnes  some  hydrometal- 
lurgical  or  pyrometallurgical  process.  Heretofore,  attention  has  been 
confined  almost  wholly  to  mechanical  separation,  chiefly  by  gravity. 
In  fact,  so  far  as  known,  all  production  of  concentrates  has  been  by 
wet  gravity  methods,  although  during  the  war  some  companies 
investigated  the  commercial  possibilities  of  magnetic  separation  and 
reported  favorable  results,  the  construction  of  one  magnetic  con- 
centration mill  being  started.  The  usual  wet  gravity  methods  are 
described  m  chapter  4. 

During  the  war,  the  Bureau  of  Mines  undertook  investigations  of 
methods  applicable  to  ores  of  group  2.  A  hydrometalliu-gical  process 
involving  leaching  with  sulphiu"  dioxide  was  studied  at  the  mining 
experiment  station  of  the  bureau  at  Tucson,  Aiiz.  The  results  of 
this  work,  presented  in  chapter  5,  indicate  that  the  process  is 
met allurgic ally  feasible  but  the  cost  makes  it  unattractive. 

The  results  of  an  investigation  of  a  pyrometallurgical  process  known 
as  the  Jones  process  are  presented  in  chapter  C.  The  process, 
which  is  still  m  the  experimental  stage,  was  foimd  to  be  metal- 
lurgically  sound.  The  manganese  product  is  not  a  concentrate  but 
an  alio}',  made  directly  from  a  lean  unconcentrated  ore.  The  custom- 
ary method  is  to  manufacture  alloys  from  high-grade  ores  or  from 
concentrates  of  leaner  ores. 

A  discussion  of  the  costs  of  ferro-grade  manganese  ores  is  pre- 
sented in  chapter  7.  This  discussion  is  in  general  terms  only, 
but  should  be  of  use  in  so  far  as  it  relates  to  competitive  conditions. 


INTRODUC^TION".  5 

The  results  of  a  study  of  blast-furnace  practice  on  ferromanganese 
and  on  spiegeleiseu  are  presented  in  chapter  8.  On  account  of 
the  difficulty  of  obtaining  complete  and  reliable  records,  the  work 
is  to  be  regarded  as  largely  preliminary.  Some  of  the  conclusions 
tentatively  advanced  may  be  erroneous  because  of  the  nature  of  the 
data  on  which  they  are  based;  in  the  main,  however,  they  are  be- 
lieved to  be  correct  and  are  put  forward  in  the  hope  that  they  may 
arouse  criticism  and  thereby  stimulate  discussion  and  research. 
The  Bureau  of  Mines  proposes  to  continue  this  investigation. 

The  importance  of  allocating  good  grades  of  coke  to  manganese- 
alloy  furnaces  is  discussed  in  chapter  9.  The  need  for  such  alloca- 
tions has  passed  but  it  is  felt  that  the  paper  has  more  than  an  his- 
toric interest.  Conservation  and  economy  would  both  be  served 
if  the  principles  laid  down  were  more  effectively  observed. 

The  chapters  already  cited  deal  with  the  manufacture  of  man- 
ganese alloys  in  the  blast  furnace  with  coke  fuel.  During  the  war 
there  was  considerable  development  in  the  electric  smelting  of  such 
alloys.  The  Bureau  of  Mines  was  actively  interested  in  the  applica- 
bility of  electric  smelting  to  the  leaner,  more  siliceous  domestic  ores, 
and  conducted  experiments  at  the  Ithaca  (Cornell  University)  field 
station.  The  results  are  presented  in  chapter  10.  The  general 
conclusions  are  that  lean  ores  and  manganiferous  slags  probably 
can  not  be  smelted  at  a  profit  in  the  electric  furnace  except  in  times 
of  high  prices. 

The  purpose  of  the  investigation  described  in  chapter  11,  on  the 
use  of  manganese  alloys  in  open-hearth  steel  practice,  was  chiefly 
to  point  the  way  to  conservation  of  resources.  The  results  show 
that  conservation  could  best  be  attained  by  developing  the  use  of 
those  alloys,  such  as  spiegeleisen  and  sUicomanganese,  which  could 
be  produced  from  lean  domestic  ores,  thus  conserving  the  high-grade 
domestic  ores  and  reducing  the  need  for  high-grade  foreign  ores. 

In  addition  to  those  members  of  the  staff  whose  names  appear  on 
the  several  papers,  acknowledgment  is  due  to  F.  H.  Probert,  G.  D. 
Louderback,  Theodore  Simons,  W.  S.  Palmer,  W.  R.  Eaton,  F.  B. 
Foley,  C.  F.  Julihn,  and  all  others  who  contributed  to  the  success  of 
the  work  by  their  active  and  whole-hearted  cooperation. 


CHAPTER    1.— GENERAL    INFORMATION    REGARDING 

MANGANESE. 


Bv  C.  M.  Weld. 


USES    OF    MANGANESE. 

Approximately  95  per  cent  of  the  manganese  consumed  in  this 
country  is  used  in  making  steel  not  only  to  deoxidize  and  recarburize 
the  molten  metal,  thereby  making  possible  the  production  of  cleaner 
and  sounder  ingots  containing  the  desired'  amount  of  carbon,  but 
also  to  impart  certain  qualities  to  the  finished  product.  Small  pro- 
portions of  manganese,  0.5  to  0.8  per  cent,  make  the  steel  easier  to 
work  and  stronger  in  service.  At  the  same  time  slight  proportions 
of  impurities  remaining  in  the  steel  are  taken  into  combination  and 
rendered  less  harmful.  Relatively  small  quantities  of  so-called  "  man- 
ganese" steel  are  made  which  contain  11  to  14  per  cent  or  more  of 
manganese  and  possess  special  qualities  of  hardness  and  strength. 

To  be  used  in  manufacturing  steel,  the  ore  must  first  be  smelted  to 
an  alloy,  in  which  the  manganese  is  combined  in  varying  proportions 
with  iron,  carbon,  and  silicon.  Formerly  the  two  standard  alloys 
were  ferromanganese,  containing  78  to  82  per  cent  metallic  manganese, 
and  spiegeleisen,  containing  18  to  22  per  cent  metallic  manganese. 
During  the  war  the  composition  of  these  two  alloy's  underwent  con- 
siderable modification,  the  standard  manganese  content  being  lowered 
in  order  to  make  practicable  the  use  of  leaner  domestic  ores.  At 
the  same  time  two  other  alloys,  silico-manganese  and  silico-spiegel, 
assumed  more  or  less  prominence.  The  approximate  range  of  com- 
position of  these  four  alloys  is  as  follows: 

Table  1. — Range  of  composition  of  manganese  alloys.^ 


Allov. 


Mn. 


Ferromanganese . 

Spiegeleisen 

Silico-manganese . 
Silico-spiegel 


Per  cent. 
50-80 
10-35 
55-70 
20-50 


Per  cent. 

40-8 
8.5-60 
20-5 
67-43 


Per  cent. 

0.5-1.5 

About      1. 0 

About    2.5.0 

4-10 


Per  cent. 

5-7 

4-5 

.35 

1. 5-3. 5 


•  Data  largely  from  Newton,  Edmund,  manganifcrous  iron  ores  of  the  Cayuga  district,  Minnesota:  Uniy. 
of  Minnesota  Bull.  5, 1918,  126  pp. 

The  phosphorus  must  be  so  low  that  adding  the  alloy  will  not  cause 
the  phosphorus  in  the  steel  to  exceed  the  specified  limit,  which  is 
usually  about  0.05  per  cent.  Consequently  the  phosphorus  limit  in 
the  alloy  will  vary  more  or  less  directly  with  its  manganese  and  carbon 
content. 
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SPECIFICATIONS.  I 

Practice  in  utilizing  the  alloy  varies  widely.  The  alloy  may  be 
added  to  the  molten  metal  either  molten,  red-hot,  or  cold,  with  or 
without  other  additions  such  as  ferrosilicon  or  coal;  it  may  be  added 
in  the  open  hearth,  the  converter,  or  the  ladle.  The  average  consump- 
tion of  metallic  manganese  per  ton  of  steel  is  approximately  15  pounds. 

Minor  uses  of  manganese  ore  are  as  follows :  As  an  oxidizing  agent  in 
dry-cell  batteries,  for  decoloration  of  glass,  as  a  drier  in  certain  paints 
and  varnishes,  in  the  preparation  of  oxygen  on  a  small  scale,  and  in 
the  manufacture  of  certain  disinfectants.  It  is  also  used  to  color 
glass,  pottery,  brick,  and  tile,  and  in  calico  printing  and  dyeing.  Of 
these  minor  uses  the  first  two  named  are  by  far  the  most  important. 

SPECIFICATIONS. 

Ores  suitable  for  the  manufacture  of  alloys  are  generally  termed 
"metallurgical"  or  ''furnace"  ores.  They  may  have  a  wide  range  in 
composition,  according  to  the  particular  alloy  to  be  made  from  them. 

Formerly,  when  the  standard  grade  of  ferromanganese  contained 
78  to  82  per  cent  metallic  manganese,  ores  of  ferro  grade  were  re- 
quired to  contain  not  less  than  40  per  cent  metallic  manganese,  dried 
at  212°  F.  Prices  were  based  on  not  more  than  8  per  cent  silica  and 
not  more  than  0.2  per  cent  phosphorus,  and  ores  containing  more 
than  12  per  cent  silica  or  more  than  0.225  per  cent  phosphorus  were 
subject  to  rejection.  When,  in  May,  1918,  the  standard  content  of 
ferromanganese  was  lowered  to  70  per  cent,  the  specified  minimum 
manganese  content  of  ferro-grade  ores  was  correspondingly  lowered 
to  35  per  cent  metallic  manganese.  At  the  same  time  the  rejection 
limits  for  silica  and  phosphorus  were  considerably  extended,  but 
much  more  severe  penalties  were  imposed  for  silica  exceeding  8  per 
cent.  The  rejection  of  ores  with  more  than  0.25  per  cent  phosphorus 
was  left  to  the  option  of  the  buyer,  who  at  the  same  time  was  urged 
to  use  the  ore,  whatever  the  phosphorus  content,  if  he  could  use  it 
to  advantage.  The  effect  of  silica  and  phosphorus,  and  their  rela- 
tion to  the  alloy  to  be  produced  are  discussed  in  chapter  3.  The  pur- 
pose of  relaxing  specifications  was  to  widen  the  market  for  the  leaner 
and  more  siliceous  domestic  ores.  It  is  probable  that  former  specifi- 
cations will  be  revived  with  return  of  normal  conditions. 

Once  it  was  the  custom  to  pay  for  the  iron  in  manganese  ores  of 
ferro  grade,  but  this  practice  was  discontinued  several  years  ago. 
The  permissible  high  limit  for  iron  is  governed  by  the  nature  of  the 
alloy  to  be  produced,  as  practically  all  the  iron  goes  into  the  alloy 
and  degrades  it  by  crowding  out  manganese.  In  general,  the  allow- 
able ratio  of  iron  to  manganese  in  the  ore  would  be  approximately 
1  to  10  for  80  per  cent  ferro,  or  1  to  5  for  70  per  cent  ferro. 

Ores  suitable  for  the  manufacture  of  spiegeleisen  may  contain  a 
much  larger  proportion  of  iron  to  manganese  and  are  usually  termed 
manganiferous  iron  ores.  No  exact  specifications  for  ores  of  this 
1373.38°— 20 2 
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class  have  been  customary.  In  general,  the  silica  aud  phosphorus 
requirements  have  been  about  the  same  as  for  ferro-grade  ores,  the 
balance  consisting  of  manganese  plus  u-on  in  varying  ratio,  plus  gangue 
materials,  such  as  alumina,  lime,  and  magnesia.  Ores  containing  15 
to  40  per  cent  metallic  manganese  were  formerly  classed  as  manga- 
niferous,  and  these  limits  will  probably  be  adopted  again  in  the  future. 
The  war-time  classification  included  ores  containing  10  to  35  per 
C€nt  manganese. 

Certain  manganiferous  ores  from  the  weathered  parts  of  silver- 
lead  deposits  contain  enough  silver  to  warrant  their  shipment  to  lead 
smelters  for  use  in  fluxing.  Hence  these  ores  are  not  available  to 
the  steel  industry. 

When  the  alloy  to  be  produced  is  silico-manganese  or  silico-spiegel 
a  much  higher  content  of  silica  is  acceptable  than  with  ores  to  be  used 
in  making  ferromanganese  or  spiegeleisen,  but  the  former  alloys  can 
advantageously  be  made  only  in  the  electric  furnace.  Ores  with  30 
to  40  per  cent  of  manganese  and  20  to  25  per  cent  of  silica  can  be 
used  to  advantage  in  making  silico-manganese.  The  ratio  of  sUica 
to  manganese  may  be  stUl  higher  if  the  usual  slag-making  constit- 
uents are  relativeh*  absent.  It  is  also  probable  that  at  least  a  part 
of  the  phosphorus  in  the  ore  niay  be  volatilized  in  the  electric  furnace, 
thus  raising  the  permissible  limit  of  this  element.  Eoughl}',  the 
same  holds  true  for  silico-spiegel,  with  the  substitution  of  iron  for  a 
part  of  the  manganese. 

A  large  class  of  manganiferous  ores  comprises  those  that  are  essen- 
tially u'on  ores  containing  small  j^roportions  of  manganese,  generally 
about  5  per  cent  but  occasionally  as  much  as  10  per  cent.  These  ores 
are  not  available  for  making  manganese  alloys,  but  enter  into  the 
manufactm-e  of  manganiferous  pig  U'on,  which  in  turn  contributes  its 
manganese  to  the  steel  made  from  it. 

The  ores  suitable  for  oxidizers  and  chemical  use  are  commonly 
called  "battery,"  "chemical,"  or  ''dioxide"  ores.  As  their  function 
is  to  act  as  an  agent  for  carrying  oxygen,  it  is  essential  that  the}'  con- 
tain a  large  proportion  of  manganese  dioxide,  either  as  pyrolusite  or 
other  minerals  that  readily  liberate  oxygen.  The  following  table 
shows  the  proi:)ortions  of  MnOg  and  available  oxygen  in  the  common 
manganese  minerals." 


Table  2. — Manganese  dioxide  and  available  oxygen  in  the  common  manganese  minerals. 

Mineral. 

MnO;. 

vvailablo  0. 

Per  cent. 
100.00 
42. 46  to  77. 33 
49.44 
43.il 
37.99 
Xoce. 

Per  cent. 

18.33 

7.81  to  13. 00 

9.00 

7.93 

0.99 

Xone. 

a  Fermor,  L.  T^.,  Min^aneso  deposit  of  ladia:  Geol.  Survey  of  India,  Memoirs,  vol'  37,  p.  50 
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The  two  most  iiii]>ortaut  iudustriuJ  uses  of  manganese  ore  as  an 
oxidizer  are  in  the  manufacture  of  dry  cells  and  of  glass.  Specifica- 
tions generally  call  for  SO  to  00  per  cent  MnOg,  but  it  is  understood 
that  ores  with  as  little  as  70  ])er  cent  MnO,  were  accepted  during  the 
war.  P'ormerly  it  was  customary  to  require  that  the  iron  content 
should  not  exceed  1  per  cent,  but  here  also  specifications  were  greatly 
relaxed,  particularly  as  it  has  been  shown  that  the  presence  of  several 
per  cent  of  ii"ou  does  not  greatl}"  affect  the  efficiency  of  the  batter}. 
Copper,  nickel,  and  cobalt,  on  the  other  hand,  are  probably  harmful 
when  present  in  excess  of  a  few  tenths  of  1  per  cent,  though  there  is 
some  difference  of  opinion  as  to  this.  The  point  is  discussed  in  the 
chapter  following. 

Leaner  argillaceous  and  siliceous  ores,  with  less  than  40  per  cent 
metallic  manganese,  are  used  for  coloring  pottery,  tiles,  and  brick. 
The  amounts  used  annually  for  this  j^urpose  and  for  jDaints,  dyeing 
and  printing  calicoes,  and  other  purposes  are  unimportant. 

PRICES. 

Prices  paid  for  imported  metallm-gical  ores  have  always  been  sub- 
ject to  individual  contracts,  based  on  the  chemical  and  jshysical 
characteristics  of  the  particular  ores.  The  terms  of  these  contracts 
have,  of  course,  never  been  made  public,  but  their  general  trend  has 
no  doubt  been  reflected  in  the  price  schedules  for  high-grade  domestic 
ores  issued  from  time  to  time  by  the  Carnegie  Steel  Co.  The  latter 
are  summarized  in  the  following  table : 

Table  3. —  Carnegie  Steel  Company's  price  schedules  for  domestic  ores  A 


Year. 

Prices  iu 

cents  per  imit  for  percentages 
of  manganese  ranging— 

Cents  per 

unit  of 

iron. 

Silica 
standard. 

Phosplio- 

rus  stand- 
ard. 

From  40 
to  43. 

From  43 
to  46. 

From  46 
to  49. 

49  and 
more. 

1892 

27 
25 
22 
27 
23 

28-29 

25-27 

23-24 

2S-29 

24-25 

24 

40 

50 

29-30 
27 
24 
29 
25 
25 
43 
53 

31 

28 
25 
30 
26 
26 
45 
55 

10 
6 
5 
C 
5 

Per  cent. 
8 
8 
8 
8 
8 
8 
8 
8 

8 

Per  cent. 
0.10 

1S97         

.10 

1903 

.10 

190(>        

.10 

1910 

.20 

1914 

.20 

191.5         

36 

40 

.20 

19irj-17 

.29' 

From  38 
to  42. 

From  42 
to  46. 

From  46 
to  50. 

50  aiil 
more. 

1918       

90 

100 

no 

120 

.20 

a  Data  largely  from  Mineral  Resources  U.  S.,  various  years,  U.  S.  Geological  Survey. 

These  prices  are  leased  on  long  tons  for  material  delivered  at  the 
furnace;  material  dried  at  212°  F.  silicia  penalty,  15  cents  per  ton  for 
each  unit  over  8  per  cent;  phosphorus  penalty,  up  to  1910,  1  cent  per 
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unit  of  manganese  for  each  0.02  per  cent  phosphorus  over  0.10  per 
cent;  thereafter,  2  cents  per  unit  of  manganese  for  each  0.02  per  cent 
phosphorus  over  0.20  per  cent. 

In  May,  1918,  a  new  price  schedule  was  adopted  by  the  Ferro 
Alloys  Committee  of  the  American  Iron  and  Steel  Institute  and  was 
approved  by  the  War  Industries  Board.  It  became  effective  on  May 
28.  It  is  given  below  in  full  as  announced,  including  penalties  and 
terms  of  payment,  although  it  is  no  longer  in  force  and  its  present 
value  is  chiefly  historical. 

PRICE   SCHEDULE  OF  MAY  28,  1918. 

Sfliedule  of  domestic  metallurcical  manganese  ore  prices  per  unit  of  metallic  man- 
ganese per  ton  of  2,240  pounds  for  manganese  ore  produced  and  shipped  from  all  points 
in  the  United  States  west  of  South  Chicago,  111.  This  schedule  does  not  include 
chemical  ores  as  used  for  dry  batteries,  etc. 

Following  prices  are  on  the  basis  of  delivery  f.  o.  b.  cars  South  Chicago,  and  are  on 
the  basis  of  all-rail  shipments.  When  shipped  to  other  destination  than  Chicago,  the 
freight  rate  per  gross  ton  from  shipping  point  to  South  Chicago,  111.,  is  to  be  deducted 
to  give  the  price  f .  o.  b.  shipping  point. 

Prices  for  ore  dried  at  212°  F, 


Content  of  metallic  Price 

manganese,  per  cent.  per  unit 

35  to  35.  99 ?0.  86 

36  to  36.  99 90 

37  to  37.  99 94 

38  to  38.  99 98 

39  to  39.  99 1.00 

40  to  40.  99 1.  02 

41  to  41.  99 1.04 

42  to  42.  99 1.  06 


Content  of  metallic  Price 

manganese,  per  cent.  per  unit. 

45  to  45^  99 $1. 12 

46  to  46.  99 1. 14 

47  to  47.  99 1. 16 

48  to  48.  99 1. 18 

49  to  49.  99 1.  20 

50  to  50.  99 1.22 

51  to  51.  99 1.24 

52  to  52.  99 1. 26 


43  to  43.  99 1.08  '  53  to  53.  99 1.28 

44  to  44.  99 1. 10     54  and  over 1. 30 

For  manganese  ore  produced  in  the  United  States  and  shipped  from  points  in  the 
United  States  east  of  South  Chicago,  15  cents  per  unit  of  metallic  manganese  per  ton 
shall  be  added  to  above  unit  prices. 

Above  prices  are  based  on  ore  containing:  Not  more  than  8.00  per  cent  silica;  not 
more  than  0.25  per  cent  phosphorus,  and  subject  to: 

SILICA  PREMIUMS  AND  PENALTIES. 

For  each  1  per  cent  of  silica  under  8  per  cent  down  to  and  including  5  per  cent, 
premium  at  rate  of  50  cents  per  ton.  Below  5  per  cent  silica,  premium  at  rate  of  $1  per 
ton  for  each  1  per  cent. 

For  each  1  per  cent  in  excess  of  8  per  cent  and  up  to  and  including  15  per  cent 
silica  there  shall  be  a  penalty  of  50  cents  per  ton;  15  i>er  cent  and  up  to  and  including 
20  per  cent  silica,  there  shall  be  a  penalty  of  75  cents  per  ton. 

For  ore  containing  in  excess  of  20  per  cent  silica,  a  limited  tonnage  can  be  used;  but 
for  each  1  per  cent  of  silica  in  excess  of  20  per  cent,  and  up  to  and  including  25  per  cent 
silica,  there  shall  be  a  penalty  of  $1  per  ton. 

Ore  containing  over  25  per  cent  silica  subject  to  acceptance  or  refusal  at  buyer's 
option,  but  if  accepted  shall  be  paid  for  at  the  above  schedule  with  the  penalty  of  $1  per 
ton  for  each  extra  unit  of  silica. 

All  premiums  and  penalties  figured  to  fractions. 


PRICES. 
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PHOSPHORUS  PENALTY. 

F<ir  eaih  0.01  ])er  cent  in  excess  of  0.25  per  cent  phosphorus  there  shall  be  a  penalty 
against  unit  price  paid  for  manganese  of  one-half  cent  per  unit  figured  to  fractions. 

In  view  of  existing  conditions,  and  for  the  purpose  of  stimulating  production  of 
domestic  manganese  ores,  there  will  be  no  penalty  for  phosphorus  so  long  as  the  ore 
ehi])ped  can  be  used  to  advantage  by  the  buyer.  The  buyer  reserves  the  right  to  penal- 
ize excess  ])hosphorus  as  above  by  gi\"ing  GO  days'  notice  to  the  shipper. 

The  above  prices  to  be  net  to  the  producer;  any  expenses,  such  as  salary  or  com- 
mission to  buyer's  agent,  to  be  paid  to  the  buyer. 

Settlements  to  be  based  on  analysis  of  ore  sample  dried  at  212°  F.  The  percentage 
of  moisture  in  ore  samples  as  taken  to  be  deducted  from  the  weight. 

PAYMENTS. 

Eighty  per  cent  of  the  estimated  value  of  ore  (less  moisture  and  freight  from  sliipping 
point)  based  on  actual  railroad  scale  weights  to  be  payable  against  railroad  bill  of 
lading  with  attached  certificates  of  sampling  and  analysis  of  an  approved  independent 
sampling  chemist,  balance  on  receipt  of  ore  by  buyer. 

Actual  railroad  scale  weights  to  govern  in  final  settlement. 

Cost  of  sampling  and  analysis  to  be  equally  divided  between  buyer  and  seller. 

It  will  be  observed  that  the  value  per  long  ton  of  natural  (undried) 
manganese  ore  f.  o.  b.  mine  was  to  be  calculated  from  this  schedule  in 
the  following  manner;  (1)  Multiply  the  percentage  of  manganese  in 
material  dried  at  212°  F.  by  the  corresponding  unit  price  as  given  in 
the  table,  adding  15  cents  to  this  price  if  the  ore  was  produced  east  of 
Chicago;  (2)  add  premiums  or  deduct  penalties,  if  any,  for  silica  and 
phosphorus;  (3)  convert  to  wet  or  natural  basis;  (4)  deduct  freight 
per  long  ton  to  Chicago. 

The  following  freight  rates  from  points  in  the  several  Western 
manganese-producing  States  to  Chicago  were  still  in  force  in 
December,  1919.  These  were  for  carload  lots  with  a  minimum 
weight  of  60,000  pounds. 

Table  4.— Freight  rates  on  manganese  ore  from  Western  States  to  Chicago,  a 


State. 


Rate  per 

ton  of 

2000 

pounds. 


Rate  per 
ton  of 
2240 

pounds. 


Oregon 

Washington. 

California 

Montana 

Arizona 

Colorado 

Nevada 

Utah 

New  Me.xico. 


Sll.OO 
11.00 
11.00 
8.00 
9.00 
7.00 
10.00 
9.00 
7.00 


SI 2. 32 
12.32 
12.32 

8.96 
10.08 

7.84 
11.20 
10.08 

7.84 


1  Personal  communication  from  H.  H.  Porter  of  U.  S.  Shipping  Board. 

The  ore  prices  given  above  applied  only  to  ferro-grade  ores.  Prices 
for  manganiferous  ores  have  usually  been  subject  to  individual  con- 
tract.    In  1918  the  better  class  of  Leadville  ores  sold  for  about  30 
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cents  per  unit,  with  a  premium  of  (i  cents  per  unit  ft»r  iron  and  a 
moderate  penalty  for  silica. 

Comparison  of  the  prices  for  ferro-grade  ore  with  those  for  ferro- 
manganese  is  of  interest.  Eighty  per  cent  ferromanganese  was  worth 
S40  to  860  per  ton  in  prewar  times.  The  price  from  May  to  Novem- 
ber, 1918,  was  S250  for  70  per  cent  material.  In  the  tables  below 
are  shown  (1)  the  price  of  ferro  per  ton;  (2)  the  price  per  unit  of 
metallic  manganese  in  ferro;  (.3)  the  price  per  unit  of  46  per  cent 
manganese  ore;  (4)  the  unit  price  of  metallic  manganese  in  ferro 
divided  by  the  unit  price  of  metallic  manganese  in  the  ore,  to  shov.' 
the  ratio  between  the  two.  Since  November,  1918,  the  market  has 
been  in  a  demoralized  condition,  quotations  falling  continuously  and 
rapidly. 

Table  5. — Comparison  of  prices  of  alloy  and  ore  A 


Year. 


(1) 


1910. 
1911. 
1912. 

iai3. 

1914. 
1915. 
19ir.. 
1917. 
1918. 


Price  of  80 

percent 

ferro  pier 

ton. 


(2) 


$40.49 
37.25 
50.40 
57.87 
55.80 
92.21 
IM.  12 
300.17 
285.00 


Price  IXT 

unit  of 

manganese 


(3) 


SO.  51 

.44 

.C3 

.72 

.70 

1.15 

2.05 

3.8C 

3.56 


Price  per 
unit  of  do- 
mestic ore 
containing 
4G  per  cent 
manganese, 

delivered 
at  furnace. 

(4) 


Column  3 
divided  by 
column  4. 


(5) 


SO.  25 
.25 
.25 
.25 
.25 
.40 
.50 
6.75 

J>1.23 


2.01 
1.7G 
2.52 
2.8-3 
2.80 
2.8S 
4.10 
5.15 
2.93 


c  Data  largely  from  Metal  Statistics,  1918,  pubUshed  by  the  American  Metal  Market  and  Daily  Iron  and 
Steel  Report. 
b  Estimated  average. 

As  the  last  column  in  the  Table  5  indicates,  although  the 
price  of  ore  relative  to  alloy  fell  far  below  during  1910  and  1917, 
the  price  adjustments  of  1918  brought  this  ratio  back  again  nearly 
to  the  figures  for  191.3-1915;  a  fact  that  appears  to  controvert  the 
opinion  prevalent  among  producers  that  the  proportionate  prices  of 
1918  strongly  favored  the  furnaces.  In  fact,  the  ratio  shown  for 
1918  was  possibly  less  favorable  to  the  furnaces  than  that  for  1913- 
1915,  owing  to  the  great  increase  of  conversion  cost  through  high 
costs  of  labor,  fuel,  and  supplies. 

The  prices  of  '"battery"  ore  also  rose  enormously  during  the  v.-ar. 
Such  ores  were  formerly  worth  $20  to  S35  per  ton.  The  best  grades 
at  last  accounts  were  being  sold  for  $80  to  SI  10  per  ton  delivered. 
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STATISTICS. 

In  the  following  tables  of  imports,  production,  etc.,  the  number  of 
tons  of  contained  metallic  manganese  are  shown  as  well  as  the  num- 
ber of  tons  of  ore  and  alloj^'s,  for  in  no  other  war  can  a  true  comparison 
be  made.  The  metallic  manganese  in  the  ores  is  also  multiplied  by 
a  factor  representing  the  conversion  loss  from  ore  to  alloy  to  give  the 
"recoverable"  manganese  in  a  form  suitable  for  use  in  steel  manu- 
facture. The  recovery  in  making  ferromanganese  is  assumed  to  be 
73  per  cent,  and  in  making  spiegel  Go  per  cent.  Where  the  exact 
analysis  of  the  ores  and  alloys  is  not  known,  the  figures  for  tons  of 
contained  metallic  manganese  are  estimated  on  the  basis  of  the  best 
data  available. 

Table  6. — Imports  of  manganese  ores ,  1903-1918. 
(Long  tons.) 


Year. 


Russia. 


ludia. 


Brazil. 


Other 
coun- 
trics.a 


Total 
ores. 


Total 
manga- 
nese. 


Recover- 
able man- 
ganese, 
73  per 
cent. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
191S. 


5,576 

11,959 

2 1,  6.50 

13, 805 

1,000 

250 

14,486 

33, 120 

19, 103 

83,334 

124,337 

52,681 


35,900 
10,200 
101,030 
154,  ISO 
95,300 
143,813 
145, 140 
140, 9tJo 
106,580 
128,645 
141,587 
103, 5S;3 
36,450 
51, 960 
48,  975 
29,275 


76, 910 

06,875 

114,670 

30, 260 

52, 922 

17, 150 

35, 6(J0 

55,750 

41,600 

81, 580 

70,200 

113,924 

268, 786 

471.837 

512,517 

345,877 


8,976 
13, 106 

8,749 
52, 524 
68.450 
no;  151 


146,0.50 
lOS,  579 
2.57,  a33 
221,260 
209. 021 
178, 203 
212, 765 
242,348 
176, 852 
300, 661 
345, 090 
28:3, 294 
313, 985 
576,321 
629, 942 
491,303 


5-5,3.50 

41,200 

114,340 

97,600 

71, 9.50 

79, 760 

95,800 

110, 250 

81,590 

142,  700 

108, 142 

134, 040 

142, 680 

2.53,317 

282,500 

204.137 


40,450 

30,100 

83,500 

71,350 

52,500 

58,150 

70,000 

80,500 

59,600 

104,200 

123,000 

98,300 

104,000 

189,300 

206,400 

149,200 


Table  7. — Domestic  production  ofvianganese  ores.<^ 
(Tons  of  2,240  pounds.) 


Item. 


1912 


1913 

1914 

1915 

1916 

1917 

4,048 
1,860 
1,300 

2,365 

1,090 

795 

9,709 
4,470 
3,260 

26,997 
11,880 
8,670 

114,216 
4.8,000 
35,000 

138,089 
20,642 
13,420 

158, 582 
25,170 
10,360 

207,511 
32,093 
20,8.50 

304,486 
58,313 
37,900 

732,618 
116, 8S0 
76,000 

14, 7S0 

17, 155 

24, 110 

46,570 

111,000 

1918 


Fcrrogradc:6 

Total  ores 1, 664 

Total  manganese 765 

Recoverable  manganese 560 

Spiegel  grade:  c 

Total  OTCS'd 107, 569 

Tot  al  manganese 20,994 

Recoverable  manganese 13, 650 

Total  recoverable   manganese, 

both  grades 14, 210 


204, 497 
118,000 
86,000 

831,000 
125,000 
81,200 

167,200 


a  Data  in  part  from  Hewett,  D.  F.,  Our  mineral  supplies;  manganese:  U.  S.  Geol.  Survey  Bull.  666-C. 
1917,  p.  4,  and  in  part  from  Mineral  Resources  U.  S.,  U.  S.  Geol.  Survey,  for  several  years. 

bFerrograde,  191.3-1917,40+  per  cent  manganese;  in  1918,  grade  was  dropped  to  35+  per  cent  manganese, 

cSpicgel  grade,  1913-1917,  15  to  40  per  cent  manganese;  in  1918,  grade  was  dropped  to  10  to  35  per  cent 
manganese. 

"i  Includes  manganiferous  zinc  residuum,  but  excludes  manganiferous  ores. 
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Table  8. — Imports  and  production  of  manganese  alloys,  1905-191Sfl 
[Tons  of  2,240  pounds.] 


Ferromanganesc. 

Spiegclcisen. 

Total 
manga- 
nese, 
both  al- 
loys. 

Year. 

Ira- 
ports. 

Produc- 
tion. 

Total 
alloy. 

Total 
manga- 
nese. 

Im- 
ports. 

Produc-     Total 
tion.        alloy. 

Total 
man- 
ganese. 

Steel  pro- 
duced. 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916... 

52, 841 
84,359 
87, 400 
44,624 
88, 934 

114,228 
80, 263 
99,137 

128,070 
82, 997 
55, 263 
90,928 
45,. 381 
26,200 

62,186 
.55,  .520 
.55,918 
40,642 
82, 209 
71,376 
74, 602 
12.5,378 
119,495 
106, 083 
149,  .521 
221,. 5.32 
260, 12.5 
333,027 

115,027 
1.39, 879 
143,318 
a5,206 
171,143 
l&5,6fl4 
1.54, 865 
224,515 
247, 565 
189,080 
204,  784 
312,460 
305,  .506 
357,227 

92,020 
112,000 
114,800 

68, 1.50 
137,000 
148,300 
123,900 
179,700 
198, 0.50 
151,2.50 
163, 800 
249, 970 
244, 400 
274,000 

55,457 
103,268 
48, 994 

4,579 
16,921 
25,  .383 
20, 970 

1,015 

2,870 
200 

227,  797 
244,980 
283,430 
111,376 
142,831 
1.53, 055 
104,013 
102,  .561 
110,3.38 
79, 935 
97,  885 
194,002 
192, 985 
283, 853 

283, 254 
348, 248 
332,424 
115,9.55 
1.59,  752 
178,438 
124, 9&3 
103, 576 
110,415 
82, 805 
98, 08.5 
194, 002 
192,985 
283,853 

56, 650 
69,650 
66,  .500 
23,200 
31,9.50 
35, 700 
25,000 
20,  700 
22,000 
16,  .560 
19,600 
38,  .800 
38.600 
51,000 

138,670 
18, 16.50 
181,. 300 
91,3.50 
168, 9.50 
184,000 
148, 900 
200, 400 
220, 0.50 
167,810 
183, 400 
288, 770 
283,000 
325,000 

20,023,947 
23, 398, 136 
23, 362,  .594 
14,023,247 
23,9.55,021 
26,094,919 
23,676,106 
31,251,303 
31,-300,874 
23,513,030 
32,151,a36 
42,773,680 

1917 

45,0()0,607 

1918... 

42,212,000 

a  r>ata  compiled  from  various  sources,  largely  from  the  statistical  bulletins  of  the  American  Iron  and 
Steel  Institute. 

The  figures  in  these  tables  tell  briefly  the  history  of  the  manganese 
industry  for  a  number  of  years  past.  Thus,  Table  6  shows  how 
imports  from  Russia  ceased  early  in  the  war  and  imports  from  India 
dechned,  whereas  imports  from  Brazil  increased  enormously  up  to 
1918,  when  restrictions  on  account  of  the  shortage  of  ships  caused 
a  decrease.  During  1918,  however,  imports  from  Cuba  and  from 
Central  American  countries  practically  doubled  the  1917  figure. 

The  domestic  industry  shows  the  first  effects  of  the  war  in  1916. 
From  that  time  on,  domestic  production,  both  of  ores  and  of  ferro- 
manganese,  increased  rapidly. 

Table  8  shows  that  dividing  the  total  pounds  of  metallic  manga- 
nese in  all  alloys  produced  and  imported  during  the  14  years,  1905  to 
1918,  by  the  total  tons  of  steel  produced  during  the  same  period 
gives  a  quotient  of  15.5  pounds  of  manganese  per  ton  of  steel.  As 
there  were  heavy  stocks  on  hand  at  the  end  of  1918,  it  is  probable 
that  the  true  average  figure  for  metallic  manganese  consumed  per  ton 
of  steel  is  more  nearly  15  pounds. 

No  comprehensive  figures  showing  the  consumption  of  "chemical" 
ore  are  available.  The  requirements  of  the  United  States  are  under- 
stood to  be  25,000  to  40,000  tons  annually.  In  the  past  these  ores 
were  largely  imported  from  Russia.  Recently  they  have  come  in 
part  from  domestic  sources  and  in  part  from  Japan,  Brazil,  and 
other  countries. 


CIL\PTER  2.— USES    OF    ^LVNGANESE    OTHER    THAN    IN 

STEEL  ^rAKIXG. 


By  W.  C.  PnALKN-. 


INTRODUCTION. 

This  rpport  is  divided  into  two  parts — use  of  manganese  dioxide 
ore;  use  of  manganese  hronze. 

USES    OF    MANGANESE    DIOXIDE    ORE. 
GENERAL  REMARKS. 

Estimates  of  the  quantity  of  manganese  ore  used  in  the  industries, 
other  than  metallurgical,  range  from  25,000  to  50,000  tons  per  annum. 
The  latter  figure  is  probably  more  nearly  correct.  Most  of  the  ore 
used  is  the  highest  grade  of  pyrolusite  (MnOg)  obtainable  and  com- 
mands a  much  higher  price  than  metallurgical  ore.  The  manganese 
di«^xide  ore  is  generally  termed  chemical  manganese  ore. 

Manganese  ore,  as  an  oxidizing  agent,  is  used  in  the  manufacture  of 
dry  cells,  as  a  decolorizer  in  certain  kinds  of  glass,  and  as  a  drier  in 
oils,  paints,  and  varnishes.  The  ore  is  also  used  directly  or  indirectly 
in  the  manufacture  of  various  manganese  chemicals.  Many  of  the 
textbooks  describe  its  reaction  with  hydrocliloric  acid  as  a  source  of 
chlorine.  It  is  no  longer  used  commercially  in  making  chlorine  gas, 
as  the  latter  is  an  abundant  by-product  in  the  manufacture  of  caustic 
soda  and  potash.  Some  clilorine  may  be  made  by  this  method  when 
the  object  is  the  production,  not  of  chlorine,  but  of  manganese  chlo- 
ride. The  ore  has  been  mentioned  as  a  soil  stimulant,  but  its  value 
in  the  fertilizer  industry  has  not  been  established,  and  so  f^r  as 
known  it  is  not  a  constituent  of  any  commercial  fertilizers.  Only 
those  uses  of  commercial  importance  are  mentioned  here. 

THE  DRY  CELL. 

GENERAL   DESCRIPTION. 

To  show  the  importance  of  manganese  dioxide  in  the  dry  cell,  the 
general  make-up  of  the  cell,  the  chemistry  of  the  processes  involved, 
and  the  constituents  entering  into  the  reactions  are  described  here- 
with. 

The  modern  dry  cell,  commonly  but  erroneously  called  the  dry  bat- 
tery, is  a  portable  modification  of  the  "Disque"  Leclanche  cell 
invented  by  Leclanche  about  1868.     That  consisted  of  a  porous  cup 
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containing  a  carbon  electrode  and  a  mixture  of  rather  coarsely  ground 
retort  coke  and  pyrolusite.  The  cup  was  sealed,  two  vents  being 
left  for  the  escape  of  gases,  and  was  placed,  with  a  zinc  rod,  in  a  glass 
jar  containing  a  solution  of  ammonium  chloride.  Because  of  the  sim- 
plicitj'  and  ease  of  operation  of  this  cell,  many  attempts  were  made 
to  fix  the  electrolyte  in  various  media,  such  as  sawdust,  gelatin,  asbes- 
tos, and  silicic  acid,  so  as  to  make  the  cell  portable. 

In  1888  Gassner  brought  out  the  first  really  successful  dry  cell. 
The  positive  pole  consisted  of  a  cylindrical  mass  of  groimd  pyrolusite 
and  coke  packed  in  a  canvas  bag  around  a  carbon  electrode.  This 
was  placed  in  a  zinc  container  which  also  served  as  the  negative  pole, 
and  a  paste  of  plaster  of  Paris,  zinc  chloride,  and  ammonium  chloride 
was  poured  under  and  around  it.  As  soon  as  the  paste  had  set  the 
cell  was  sealed  with  a  rosin  or  pitch  composition. 

The  Gassner  cell,  though  a  great  improvement  over  various  other 
dry  cells,  did  not  meet  with  much  favor  ])ecause  of  its  high  internal 
resistance  and  low  voltage.  The  highest  current  that  could  be  ob- 
tained was  about  6  amperes,  and  its  voltage  was  about  1.3.  Hence 
its  use  was  limited  to  service  requiring  only  small  current  drains. 

DEVELOPMENT. 

The  advent  of  the  gasoline  engine  greatly  stimulated  the  develop- 
ment and  production  of  the  present  type  of  dry  cell.  Ignition  sys- 
tems demanded  a  cheap  portable  cell  able  to  recuperate  after  com- 
paratively heavA'  current  drains  and  by  1897  the  manufacture  of  such 
cells  had  attained  considerable  volume.  The  present  normal  yearly 
requirements  of  dry-cell  production  include  about  25,000  tons  of 
high-grade  manganese  dioxide  ore,  an  equal  amount  of  carbon  (petro- 
leum coke  and  graphite)  and  8,000  to  10,000  tons  of  sheet  zinc, 
besides  corresponding  quantities  of  zinc  chloride,  ammonium  chlo- 
ride, paper,  carbon  electrodes,  i:)itch,  and  sundry  other  substances. 

METHOD    OF    MANUFACTURE. 

In  the  modem  American  dry  cell  of  the  usual  tvpe,  the  negative 
pole  is  a  cylindrical  zinc  can  which  also  serves  as  a  container.  Sev- 
eral sizes  of  cells  are  on  the  market,  the  great  majority,  however, 
being  about  2.^t  inches  in  diameter  by  6  inches  high  (the  so-called 
No.  6  cell).  The  inner  surface  of  the  zinc  is  lined  with  a  special  grade 
of  absorbent  paper,  which  acts  as  a  reservoir  for  the  electrolyte  and 
as  a  diaphragm  between  the  zinc  and  the  positive  pole.  The  depolar- 
izing mass,  called  the  '"mix,"  is  tightly  tamped  into  the  can,  around 
a  centrally  placed  carbon  electrode,  to  about  1  inch  from  the  top.  This 
''mix"  is  composed  of  ground  carbon  (usually  calcined  petrolemn  coke 
and  graphite)  manganese  dioxide  ore,  and  the  electrolyte.  The  mix 
with  the  carbon  electrode,  constitutes  the  positive  pole.     After  the  mix 


THE    DRY   CELL,.  17 

has  been  tamped,  the  ])aper  is  turned  down  over  the  mix;  sand  or 
sawdust  is  pom-ed  in,  to  a  depth  of  about  one-half  inch,  and  the  cell  is 
sealed  with  a  hot  pitch  composition.  The  object  of  the  layer  of  sand 
is  to  provide  an  expansion  chamber  for  the  electrolyte  and  the  excess 
gas,  and  also  to  provide  a  dry  bed  for  the  hot  pitch. 

CONSTITUENTS    USED. 

The  sheets  used  for  the  cans  are  substantially  pure  zinc,  prime 
western  spelter  being  generally  used,  and  are  usually  about  0.016  to 
0.019  inch  thick  in  the  2h  by  6  inch  cells.  Comparatively  little  of 
the  zinc  is  used  up  during  the  service  life  of  a  cell.  The  mechanical 
strength  to  withstand  fillmg  and  the  fact  that  the  can  corrodes  un- 
evenly, in  spots,  patches,  or  streaks,  must  be  taken  into  account 
when  considering  the  necessary  thickness.  One  of  the  problems  of 
the  dry  cell  manufacturer  is  to  construct  the  cell  so  as  to  make  this 
corrosion  uniform. 

Formerly,  blotting  paper  was  largely  used  for  lining  the  cans,  but 
at  present  most  manufacturers  use  a  special  grade  of  pulp  board. 
Tliis  is  of  ground  wood  pulp  and  sulphite  pulp,  and  is  0.03  to  0.04  inch 
thick.  The  pulp  board  should  be  porous  enough  to  allow  the  elec- 
trolyte to  diffuse  readily  through  it,  but  still  retain  the  smallest  par- 
ticles of  carbon  and  manganese;  and  it  should  be  capable  of  absorbing 
several  times  its  weight  of  water.  Furthermore,  it  should  obviously' 
be  free  from  metallic  particles. 

FUNCTIOXS   OF   DIFFERENT   CONSTITUENTS. 

The  depolarizing  mass  or  ''mix"  is  the  vital  part  of  the  cell.  To 
render  the  most  efficient  service  its  different  components  must  be 
properly  proportioned. 

The  ammonium  cliloride  should  be  as  pure  as  the  usual  chemically 
pure  article.  It  should  be  substantially  free  from  alkalies,  sulphates, 
inert  material,  and  heavy  metals.  When  the  cell  is  discharging,  by 
virtue  of  the  carbon,  manganese  dioxide,  and  zinc  couple  the  ammo- 
nium chloride  is  split  up  into  hydrogen,  ammonia,  and  chlorine, 
which  attacks  the  zinc  can,  forming  zinc  chloride.  The  reaction  is: 
Zn  +  2NH,Cl  =  ZnCl2-l-2NH3  +  2H.  The  liberated  gases  cause  polar- 
ization. 

Artificial  graphite  is  generally  used,  several  grades  of  it  being  made 
for  dry  cells.  The  graphite  does  not  enter  into  the  chemistry  of  the 
cell,  merel}^  servmg,  with  the  coke,  to  render  the  mix  more  conduc- 
tive. The  coke  used  is  calcined  petroleum  coke — that  is,  residues 
remaining  in  petroleum  stills.  When  raw  it  is  practically  a  noncon- 
ductor. However,  on  bemg  calcined  at  a  high  temperature  it  be- 
comes denser  and  as  good  a  conductor  as  the  better  grades  of  amor- 
phous natural  graphite. 
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The  relative  fineness  of  the  graphite,  coke,  and  manganese  ore  and 
their  distribution  should  be  so  uniform  as  to  make  the  mix  approach 
a  solid  porous  mass.  The  current  should  flow  along  radial  lines  from 
the  carbon  electrode  to  every  point  on  the  surface  of  the  mix  adja- 
cent to  the  paper  lining.  The  ideal  condition  is  to  have  each  par- 
ticle of  manganese  coated  with  enough  carbon  to  render  it  a  good 
conductor  but  still  porous  enough  to  permit  efficient  depolarization, 
while  the  voids  should  be  filled  with  the  porous  coke. 

The  zinc  chloride  should  be  as  free  as  possible  from  heavy  metals. 
Its  function  is  to  depolarize  the  ammonia,  which  it  does  by  the  forma- 
tion of  double  salts  of  zinc  and  ammonium  chloride.  No  exact  in- 
formation is  available  as  to  the  reactions  involved,  but  it  appears 
that  a  slightly  soluble  double  chloride  of  zinc  and  ammonium  is 
formed  as  the  end  product.  During  the  earlier  part  of  the  service 
life  of  a  cell,  inefficient  depolarization  of  the  ammonia  is  probably 
often  the  cause  of  failure  under  heavy  drains.  A  cell  that  has  been 
short-circuited  or  subjected  to  a  heavy  drain  smells  strongly  ammo- 
niacal  when  opened.  Another  cause  of  dry-cell  failm*e  is  the  forma- 
tion of  a  highly  resistant,  nonporous  crust  between  the  paper  lining 
and  the  zinc  can,  probably  through  the  formation  of  the  double  salt 
mentioned  or  the  formation  of  zinc  hydrate. 

ROLE  OF  MANGANESE. 

The  manganese  serves  to  depolarize  the  hydrogen.  The  reaction 
involved  is  usually  given  as  follows:  2H  +  2Mn02  =  MuzOg  +  HjO, 
The  manganese  reacts  almost  instantaneously  in  depolarizing  the 
hydrogen,  very  likely  while  the  latter  is  still  nascent. 

CHARACTER    OF    MANGANESE    ORE    USED.<^ 
CHEMICAL  REQUIREMENTS. 

Several  factors  determine  the  suitability  of  manganese  ore  for  dry 
cells.  The  ore  should  have  a  high  available  oxj-gen  content  present 
in  the  form  of  pyrolusite  (MnO,),  should  have  a  minimum  amount  of 
iron,  and  should  be  free  from  copper,  nickel,  cobalt,  arsenic,  and 
other  metals  electronegative  to  zinc.  Copper  is  particularly  harmful. 
If  these  impurities  are  present  in  the  electrolyte  or  insoluble  com- 
pounds they  do  no  harm  other  than  as  inert  or  poor  conducting 
materials.  If  soluble,  however,  their  solutions  diffuse  to  the  zinc 
can,  where  they  are  deposited,  forming  an  electrocouple  which  causes 
local  and  useless  corrosion  of  the  zinc  and  consequent  deterioration 
of  the  cell.  When  the  cell  is  in  service,  the  deleterious  action  of  these 
impurities  is  greatly  hastened. 

a  Storey,  O.  W.,  Determination  of  manganese  dioxide  in  pyrolusite:  C.  F.  Burgess  Laboratories,  Madi- 
gon,  "Wis. 
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PHYSICAL  REQUIREMENTS. 

The  physical  properties  of  manganese  ores  influence  their  suita- 
bility for  use  in  the  dry  cell.  An  ore  should  be  somewhat  porous  to 
perform  its  function  efficiently.  A  somewhat  hard  but  porous  ore  is 
likely  to  give  better  results  than  a  hard,  dense  ore,  even  though  the 
latter  is  higher  in  available  oxygen.  In  a  dense  ore  the  depolarizing 
reaction  takes  place  only  on  the  surface,  whereas  in  a  porous  ore  it 
can  occur  tliroughout  the  mass.  Better  service  life  is  obtained  from 
a  dry  cell  containing  rather  coarsely  ground  ore,  as  this  can  hold 
more  electrolyte  than  finely  ground  ore.  Other  factors  of  importance 
are  the  porosity  of  the  ore  and  the  fact  that  more  contact  resistance 
exists  between  particles  of  fine  ore  than  those  of  coarse  ore.  Careful 
grading  of  the  ore  greatly  influences  the  performance  of  a  cell.  The 
ore,  therefore,  should  not  be  of  an  earthy  nature  like  wad,  as  this 
mineral  does  not  lend  itself  to  efficient  milling  and  grading. 

Before  the  war  the  manganese  ore  used  in  dry  cells  was  Caucasian 
pyrolusite.  Common  specifications  called  for  material  containing 
80  to  85  per  cent  ^InOj  and  less  than  1  per  cent  iron.  Xo  particular 
attention  was  given  to  other  ingredients,  at  least  by  most  buyers^ 
because  of  the  purity  and  uniformity  of  the  Caucasian  ore.  There 
are  considerations  other  than  the  content  of  MnOa  which  determine 
the  usefulness  of  manganese  for  depolarizer  purposes,  such  as  the 
screen  analysis,  hardness,  density,  and  other  physical  qualities. 
Various  manufacturers  employ  different  specifications  as  to  the 
screen  analysis,  a  common  specification  being  that  the  run  of  material 
shall  pass  through  a  10-mesh  or  a  20-mesh  screen.  Some  manufac- 
turers specify  the  removal  of  the  fine  particles. 

During  the  war  manganese  from  many  other  sources  was  used  in 
making  dry  cells  because  of  the  scarcity  of  the  Caucasian  ore.  Most 
of  these  ores  run  lower  in  ^MnOj  and  higher  in  iron  and  have  larger 
percentages  of  impurities,  some  of  which  are  decidedly  harmful. 
During  the  war  users  accepted  material  that  ran  70  to  SO  per  cent 
MnO,  and  as  high  as  3  to  4  per  cent  iron.  Users  have  found  by 
experiment  and  manipulation  how  to  get  results  with  domestic  ores 
and  foreign  ores  other  than  Caucasian,  closely  approximating  the 
results  obtained  with  Caucasian. 

An  important  source  of  manganese  dioxide  during  the  war  was  the 
ore  from  old  dry  cells,  which  was  rejuvenated  by  processes  generally 
kept  secret  by  the  firms  employing  them.  Such  processes  doubtless 
contributed  to  the  conservation  of  our  high-grade  domestic  man- 
ganese ore. 

In  the  manufacture  of  dry  cells  two  classes  may  be  recognized — 
the  standard  or  so-cafled  No.  6  cell,  which  is  used  for  ignition,  tele- 
phone, signal,  and  other  similar  purposes;  and  the  small  size,  or 
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flasli-light  type,  which  is  used  for  portable  lighting.  The  quantity 
of  pyrolusite  ores  used  iu  the  standard  No.  6  cell  is  far  larger  than 
that  used  in  other  sizes.  In  the  manufacture  of  flash  lights,  which  is 
growing  rapidly,  the  higher  grades  -of  materials  are  required,  such  as 
80  to  85  per  cent  ore  that  has  been  purified  and  also  various  grades 
of  chemically  prepared  manganese  dioxide  and  hydrates  of  man- 
ganese, 

MANGANESE  ORES  IN  THE  CEHAMIC  INDTJSTIIIES. 
GLASS    MAKING. 

Practically  all  the  raw  materials  used  in  glass  contain  some  iron, 
usually  in  the  form  of  ferric  oxide.  The  iron,  when  present  even  in 
small  quantity,  imparts  to  the  glass  a  pale  green  color  that  increases 
rapidly  in  intensity  as  the  iron  content  increases.  If  a  colorless  glass 
is  desired,  this  green  color  must  be  removed  by  some  decolorizer. 
Manganese,  selenium,  cobalt,  and  nickel  are  the  most  common 
decolorizers  in  use,  and  of  these  manganese  has  been  most  widely 
employed  because  it  permits  easy  control  of  the  color.  In  using 
selenium  and  nickel,  the  quantity  must  be  carefully  controlled,  but 
these  latter  substances  are  desirable,  especially  in  window  and  plate 
glass,  because  glass  decolorized  with  manganese  often  changes  to  a 
pink  color  on  exposure  to  the  light.  A  decreasing  c|uantity  of  man- 
ganese is  being  used  by  makers  of  tank  glass,  and  its  place  is  being 
taken  by  selenium. 

The  quantity  of  manganese  used  varies  considerably,  depending 
on  the  character  of  the  glass,  the  method  of  its  manufacture,  the 
u'on  content  of  the  raw  materials,  and  the  character  of  the  manga- 
nese ore  used.  Each  manufacturer  has  his  own  ideas  on  this  subject. 
The  quantity  used  is  figured  in  terms  of  pounds  of  manganese  dioxide 
per  1,000  pounds  of  sand,  which  constitutes  50  to  75  per  cent  by 
weight  of  the  entire  batch.  The  temperature  employed  in  the  glass- 
making  process  heljDS  to  determine  the  quantity  of  manganese 
dioxide  used,  for  because  of  volatilization  the  higher  the  tempera- 
tm-e,  the  more  manganese  is  necessary.  The  maximum  limit  is  10 
to  15  pounds  of  manganese  dioxide  per  1,000  pounds  of  sand,  and 
the  minimum  ma^^  be  2  to  2  J  j^ounds. 

CHEMISTRY  OF  USE  OF  MAITGANESE  IN  GLASS-MAKING  PHOCESS. 

Compounds  of  manganese,  when  other  coloring  ingredients  are 
absent,  produce  pink,  purple,  and  violet  hues  according  to  the  chem- 
ical nature  of  the  glass.  Manganese  dioxide  neutralizes  the  green 
color  caused  by  iron  compounds.  Used  in  excess,  it  imparts  an  ame- 
thyst tint,  and  when  used  in  considerable  excess,  the  color  is  so 
dark  as  to  appear  black. 

The  neutralization  of  the  iron  tint  by  manganese  dioxide  is  ex- 
plained by  some  chemists  on  a  physical,  and  by  others  on  a  purely 
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chemical  basis.  The  green  tint  is  due  to  the  presence  of  ferrous 
silicate.  Some  chemists  think  that  this  green  compound  is  oxidized 
to  the  ferric  silicate,  which  has  an  almost  imperceptible  pale  straw- 
yellow  color.  According  to  this  view,  the  oxidizing  agent  used 
must  not  completely  decom})Ose  at  high  temperatures,  and  manga- 
nese dioxide  seems  to  be  the  most  available  compoimd  fulfilling  this 
condition.  At  red  heat,  the  dioxide  loses  one-third  of  its  oxygen, 
leaving  the  tetraoxide  (MugO^)  which,  at  still  higher  temperatures, 
is  an  oxidizing  agent. 

Red  lead  and  other  oxidizing  agents  have  not  this  decolorizing 
power.  Hence  some  chemists  have  thought  that  the  result  is  not 
due  to  oxidation,  or  chemical  reaction,  but  is  purely  physical.  It 
is  possible,  however,  that  other  compounds  may  lose  their  oxygen 
at  too  low  temperatm'es  to  be  effective  as  oxidizing  agents. 

SPECIFICATIONS    FOR    MANGANESE    ORE    USED    IX    MAKING    GLASS. 

Before  the  war,  the  ordinary  specifications  for  manganese  ore 
used  in  glass  making  were  85  to  90  per  cent  manganese  dioxide  and 
less  than  1  per  cent  metallic  iron.  Outside  of  these  two  ingredients, 
each  manufacturer  has  his  own  requirements.  Special  glasses  may 
require  ore  carrying  more  than  00  per  cent  manganese  dioxide  and  less 
than  0.5  per  cent  iron.  The  higher  the  manganese  content  and  the 
lower  the  iron,  the  better  the  ore  is  for  glass  making.  In  general, 
the  grades  of  ore  are  similar  to  those  used  in  making  dry  cells. 
Obviously,  siliceous  pyrolusite  is  not  objectionable  but  carbonaceous 
pyrolusite  is. 

Manganese  ore  for  glass  making  is  sold  in  powdered,  granulated, 
or  lump  form.  There  are  objections  to  the  lump  form  because  of 
the  time  required  to  melt  it  into  the  batch.  Powdered  ore  is  used 
principally  when  the  batch  is  melted  in  pots;  lump,  or  granular  ore 
is  used  when  melting  is  done  in  tanks. 

Before  the  war,  high-grade  pyrolusite  for  glass  making  and  other 
chemical  purposes  was  imported  from  Russia,  Saxony,  Japan, 
Nova  Scotia,  and  other  foreign  countries.  As  the  war  progressed, 
such  ore  became  scarce  and,  as  a  consequence,  specifications  were 
relaxed  and  low-grade  ores  were  purchased.  During  the  war  some 
excellent  domestic  ore  was  developed,  which  found  a  ready  market. 

OTHER    CERASnC    USES. 

Another  use  for  manganese  ore  in  glass  making  has  developed  in 
the  last  few  years,  namely,  for  producing  black  glass  used  for  orna- 
mental purposes.  About  3  per  cent  of  ore  is  added  to  the  batch  in 
making  this  opac[ue  glass. 

Pyrolusite  is  added  to.  the  constituents  of  glazes  and  enamels  to 
produce  purple  tints.  Black  enamels  are  those  containing  manga- 
nese.    Manganese  oxide  is  also  used  in  brick  making. 
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USE    OF  MANGANESE    SALTS    IN   DRIERS. 
DEFINITION. 

Driers  are  substances,  generally  metallic  oxides  or  their  compounds, 
that  are  added  to  linseed  or  other  drying  oils  at  high  or  low  tempera- 
tures to  make  them  capable  of  readily  absorbing  oxygen  from  the 
air,  or  of  drj^ing  by  its  action.  Some  chemists  consider  the  action 
to  be  catalytic,  the  manganese  compound  acting  as  a  catalyser  or 
carrier  of  oxygen.  The  principal  manganese  compounds  used  as 
driers  are:  Manganese  sesquioxide  (MuaOg),  pyrolusite  (MnOj),  also 
known  in  the  trade  as  dioxide,  binoxide  or  peroxide,  manganese 
hydrate,  sulphate,  borate,  resinate,  linoleate,  oxalate,  and  possibly 
other  salts.  Certain  of  the  corresponding  double  salts  of  manga- 
nese and  lead  are  often  used. 

Some  j^ersons  claim  that  pyrolusite  is  now  little  used  in  driers 
because  the  manufactured  hydrate,  on  account  of  its  purity,  gives 
better  results.  This  claim  does  not  agree  with  statements  made  by 
dealers  in  the  trade.  Of  the  various  substances  named  above,  each 
acts  in  a  way  j^eculiar  to  itself.  These  driers  are  added  only  in 
small  quantities,  usually  less  than  0.5  per  cent. 

MANGANESE   DIOXIDE. 

Manganese  dioxide,  extensively  used  as  a  drier,  is  marketed  in 
two  forms,  the  natural  and  the  artificial.  The  natural  mineral, 
pyrolusite,  is  simply  ground  to  a  powder  with  water  and  then  dried. 
The  mineral  is  essentially  a  peroxide,  a  class  of  substances  containing 
more  oxygen  than  is  required  to  satisfy  the  valence  of  the  metal 
present.  This  extra  ox3-gen  is  loosely  combined  and  readily  enters 
into  combination  with  oxidizable  bodies.  This  feature  in  the  com- 
position of  manganese  compounds  makes  them  useful  in  oil  boiling, 
because  the  oxygen  combines  with  the  oil,  oxidizing  it,  while  some 
of  the  manganese  dissolves  and  forms  a  compound  with  the  linoleic 
acid  of  the  oil.  In  consequence  of  this  action  manganese  compounds 
are  powerful  driers.  The  quantity  of  manganese  dioxide  added  in 
the  process  of  boiling  is  small,  not  more  than  a  c^uarter  of  a  pound  to 
a  hundred  weight  of  oil  to  get  the  best  results.  The  use  of  the  black 
dioxide,  however,  tends  to  make  the  oil  dark. 

MANGANESE    SULPHATE. 

The  methods  of  preparing  this  compound  and  its  uses  are  de- 
scribed on  page  24.  Rather  less  than  one-half  a  pound  is  added  to 
each  hundred  weight  of  oil  or  jDaint.  Oil  boilers  use  it  largely  as  a 
dryer  of  pale  boiled  oils. 

MANGANESE    BORATE. 

Manganese  borate  is  perhaps  the  least  objectionable  of  all  the 
manganese  salts  used  as  drying  agents,  although  the  black  oxides 
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are  more  used.  To  make  the  borate,  1  part  of  manganese  sulphate 
is  dissolved  in  10  parts  of  distilled  water  and  a  little  of  this  solution 
is  added  to  some  soda  solution  to  determine  whether  any  iron  is 
present.  If  pure,  the  manganese  sulphate  solution  is  added  to  the 
hot  borax  solution  as  long  as  a  precipitate  forms.  The  precipitate 
is  filtered,  washed  with  hot  water,  and  dried. 

MANGANESE    RESIXATE. 

Resinates,  formed  l)y  the  combination  of  resin  or  rosm  with  cer- 
tain metallic  oxides,  are  much  used  in  making  varnish  and  paint 
and  with  the  exception  of  the  linoleates  are  most  readily  soluble  in 
linseed  oil.  Manganese  resinate  is  made  as  follows:  Soda  ash  is 
dissolved  in  water  and  the  solution  is  boiled  with  steam,  the  proper 
proportion  of  light  coarsely  powdered  rosin  is  added,  and  then  more 
soda  ash.  The  clear  solution  is  run  into  a  clear  manganese  chloride, 
the  resinate  separathig  as  a  white  flocculent  precipitate,  which  is 
filtered,  washed,  and  dried. 

MANGANESE    LINOLEATE. 

Manganese  hnoleate  is  made  by  pouring  a  solution  of  a  soap,  made 
bj  boiUng  linseed  oil  and  caustic  soda  into  a  solution  of  manganese 
chloride  or  manganese  sulphate.  The  dark-brown  plaster-like  mass 
is  liable  to  oxidation.  When  exposed  to  air,  the  surface  becomes 
covered  Avith  a  hard,  rather  insoluble,  protective  skin.  The  material 
should,  therefore,  be  kept  in  tightly  closed  vessels.  It  acts  both  as 
a  bleaching  agent  and  a  drier  for  linseed  oil.  One  pomid,  mixed 
first  with  5  pounds  of  linseed  oil  and  the  whole  poured  into  10  gallons 
of  linseed  oil  at  250°  F.  gives  a  good  drying  oil. 

The  double  resinates  and  linoleates  of  manganese  and  lead  are 
also  in  use. 

MANGANESE    OXALATE. 

Manganese  oxalate  is  prepared  by  precipitating  manganese  salts 
with  oxalate  of  soda  or  potash  or  by  treating  manganese  hydrate  or 
carbonate  with  oxalic  acid.  One  of  the  advantages  of  the  oxalate 
is  said  to  be  that  it  decomposes  during  oil  boiling.  The  manganese 
dissolves  in  the  oil  in  combination  with  linoleic  acid,  and  the  oxalic 
acid  is  decomposed  with  evolution  of  carbonic  acid.  One-fourth  to 
one-half  a  pound  may  be  used  per  hundred  weight  of  oil. 

USE  OF  MANGANESE  IN  MISCELLANEOUS  CHEMICALS. 
MANGANESE    CHLORIDE. 

Manganese  chloride  (^InClj)  is  prepared  ])y  the  action  of  hydro- 
chloric acid  on  the  dioxide,  chlorine  being  a  by  product  of  the  reaction. 
It  is  a  rose  red,  deliquescent  salt  used  in  dyeing  cotton  cloth  a  man- 
ganese brown  or  bronze.     The  fabric  to  be  dyed  is  soaked  in  the  salt 
137338°— 20 3 
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solution  and  i)assed  through  a  caustic  alkaU,  whereby  manganese 
hydroxide  is  precipitated  in  the  fabric  and  on  subsequent  oxidation 
turns  brown.  The  material  thus  treated  may  be  used  also  for  sub- 
sequent dyeing  by  anilin  black. 

MANGANESE    SULPHATE. 

Manganese  sulphate  (MnSO^)  may  be  prepared  on  a  large  scale 
from  the  black  dioxide  by  heating  to  redness  with  ferrous  sulphate 
and  subsequently  extracting  with  water.  The  salt  forms  pink  crys- 
tals which  are  readily  soluble  in  water  and  are  used  in  calico  printing 
and  in  porcelain  painting.  It  is  also  used  as  a  drier  for  pale  oils  or 
for  conversion  into  the  oxalate  or  borate  which  are  used  for  the  same 
purpose. 

MANGANESE    PERSULPHATE. 

Manganese  persulphate,  MnCSO^^a  is  prepared  by  the  electrolytic 
oxidation  of  manganous  sulphate  (MnS04)  and  forms  a  black  sub- 
stance that  can  be  obtained  in  solution  only,  in  the  presence  of  sul- 
phuric acid.  It  is  used  as  an  oxidizing  agent  in  the  manufacture  of 
organic  products. 

POTASSIUM    PERMANGANATE. 

Potassium  permanganate  (KMn04)  is  prepared  industrially  by 
mixing  a  solution  of  caustic  potash  (KOH),  specific  gravity  1.44, 
with  powdered  manganese  dioxide  and  an  oxidizing  agent,  such  as 
potassium  chlorate.  The  mixture  is  boiled  and  evaporated,  and  the 
residue  is  fused  in  crucibles  and  heated  until  it  has  a  pasty  consist- 
ency. The  potassium  manganate  (K2Mn04)  thus  obtained  is  dis- 
solved by  boiling  with  much  water  while  a  current  of  chlorme,  carbon 
dioxide,  or  ozone  is  passed  through  the  Uquid.  Potassium  perman- 
ganate separates  in  crystalline  form  from  concentrated  solutions 
even  in  the  presence  of  the  caustic  potash  formed  durmg  the  reaction, 
and  is  separated  from  the  dissolved  substances  in  a  hydroextractor. 

The  permanganate  is  used  for  preserving  wood;  it  is  also  used 
for  bleaching  textile  fibers,  by  immersmg  them  for  a  time  in  an 
aqueous  solution  of  it  and  then  dissolving  the  manganese  dioxide 
with  sodium  disulphite.  The  permanganate  is  an  energetic  disin- 
fecting and  oxidizing  agent  and  is  used  for  ]mrifying  various  gases. 

USE  OF  MANGANESE  IN  MANGANESE  BRONZE. 

GENERAL  REMARKS. 

During  the  last  twenty  years  manganese  bronze  has  been  widely 
used.  The  requirements  of  marine  construction,  of  mining  machin- 
ery, and  wherever  corrosion  has  presented  a  serious  problem,  have 
created  a  demand  for  a  nonferrous  metal  to  replace  steel.  Probably 
the  most  popular  of  such  substitutes  has  been  manganese  bronze. 
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Manganese  bronze  made  its  first  appearance  about  1S7G.  Its  name 
is  somewhat  misleading  for  the  alloy  contains  only  a  small  percentage 
of  manganese.  Indeed,  it  is  simply  a  brass  to  wliich  have  been 
added  by  proper  methods  of  alloymg,  small  quantities  of  aluminum, 
iron,  or  manganese,  for  the  pm-pose  of  strengthenuig  the  alloy  and 
making  it  denser  and  closer  grained  than  the  average  yellow-brass 
casting. 

FUNCTION  OF  MANGANESE  IN  MANGANESE  BRONZE. 

Manganese  bronze  should  not  contain  much  manganese,  m  fact 
not  more  than  0.05  per  cent  in  high-grade  bronze.  Consec^uently 
the  consumption  of  manganese  in  such  alloys  is  small.  The  object 
of  the  manganese  is  not  so  much  to  act  as  an  ingredient  of  the  alloy, 
as  to  serve  as  a  carrier  of  the  iron  necessary  to  insm-e  the  reciuired 
strength  and  elastic  limit.  The  manganese  serves  one  purpose  only, 
to  introduce  the  iron,  for  without  the  manganese  the  iron  would  not 
aUoy  with  the  copper.  Usually  the  manganese  is  added  in  the  form 
of  ferromanganese.  If  added  in  large  quantities  it  hardens  the  alloy, 
but  not  nearly  as  much  as  iron ;  such  an  addition  also  loweis  the  elastic 
limit.     Aluminum  imparts  a  good  sand-casting  quaUty  to  the  bronze. 

Two  grades  of  manganese  bronze  are  now  in  common  use.  One 
is  used  for  rolling  into  sheets,  or  drawing  into  wire  or  tubes,  and  for 
forgmg.  This  grade  contains  no  aluminum,  and  has  sUghtly  less  zinc 
than  the  other  and  can  not  be  cast  m  sand.  The  second  alloy  is 
used  for  sand  casting  and  is  the  one  employed  in  making  propellers 
and  other  common  appliances. 

The  method  of  making  manganese  bronze — that  is,  the  materials 
used,  the  methods  of  combining  them,  and  the  process  for  casting — 
is  discussed  by  Sperry  ^  and  will  not  be  discussed  here. 

McKinney  ^  describes  a  process  of  manufacturing  manganese 
bronze  wherein  is  used,  instead  of  virgin  metals  and  raw  materials 
of  the  highest  purity,  by-products  and  scrap.  The  methods  de- 
scribed are,  therefore,  timely. 

The  composition  of  manganese  bronze  is  as  follows: 

Composition  of  manganese  bronze. 

Constituent.  Per  cent. 

Copper 57. 00-59.  00 

Zinc 38. 00-40.  00 

Iron,  manganese,  aluminum,  and  tin 25-  1.  00 

Lead 10-    .50 

Evidentl}*  there  is  no  particular  need  of  using  high-grade  materials, 
provided  the  finished  product  is  properly  refined.  Among  the  low- 
grade  materials  suggested  for  use  in  making  manganese  bronze  are 

a  Sperry,  E.  F.,  Manganese  bronze  and  its  manufacture:  Brass  World,  vol.  1,  December,  1905,  pp.  399-406. 
6  McKinney,  P.  E.,  Manganese  bronze:  Am.  Inst.  Min.  Eng.  Bull.  146,  February,  1919,  pp.  421-125. 
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the  following:  Skimmings  from  the  foundry,  especially  skimmings 
and  dross  ordinarily  recovered  from  brass  rolling  mills  or  cartridge-case 
plants;  zinc  dross  recovered  from  galvanizing  plants;  aluminum 
tmnings  that  are  generally  unrecoverable  without  serious  loss  and 
deterioration  of  product  through  oxidation,  and  other  by-products 
and  scrap  metals  that  ordinarily  are  not  usable  in  foundry  practice 
as  remelting  scrap. 

High-grade  manganese  bronze  can  not  be  made  from  the  above 
raw  materials  on  a  small  scale  and  thus  manufacture  m  crucible 
furnaces  is  excluded.  A  reverberatory  furnace  or  other  equipment 
with  which  a  bath  of  considerable  proportion  may  be  employed  is 
necessary.  McKinney  "■  discusses  a  typical  charge,  the  materials 
being  melted  in  the  presence  of  charcoal  with  salt  as  a  flux. 

USES  OF  MANGANESE  BRONZE. 

The  most  important  use  of  manganese  bronze  is  in  propeller  blades. 
A  strong,  tough  alloy  is  necessary  which  w^ill  resist  the  action  of  sea 
water.     The  blades  are  made  thin  to  save  weight. 


<j McKinney,  P.  E  ,  Manganese  Bronze:  Am.  Inst.  Min.  Eng.  Bull.  146,  February,  1919,  pp.  421-425. 


CHAPTER  3.— PROBLEMS  INVOLVED  IN  THE  CONCENTRA- 
TION AND  UTILIZATION  OF  DOMESTIC  LOW-GRADE 
MANGANESE  ORE. 


By  Edmund  Xewtox. 


INTRODUCTORY    STATEMENT. 

In  the  past,  the  steel  industry  of  the  United  States  has  depended 
almost  wholly  on  imports  for  its  supplies  of  manganese.  Many  of 
the  important  domestic  sources  yield  ores  that  in  their  natural  con- 
dition contain  less  manganese  than  the  foreign  ores  the  steel  industry 
has  been  accustomed  to  use.  To  make  these  domestic  ores  available, 
therefore,  they  must  be  concentrated  or  practice  in  the  steel  industry 
must  be  modified. 

Roughly,  25,000  tons  of  high-grade  manganese  ores  is  used  annually 
for  dry  batteries,  for  chemical  purposes,  and  in  other  minor  ways, 
and  approximately  750,000  tons  is  required  for  making  steel. 

By  present  practice  every  ton  of  steel  takes  an  average  of  about  15 
pounds  of  metallic  manganese,  which  gcneralh"  is  added  to  the  steel 
in  the  form  of  an  alloy.  The  standard  alloj's  are  80  per  cent  ferro- 
manganese  and  20  per  cent  spiegeleisen.  During  the  year  1917, 
286,000  tons  of  fcrromanganesc  and  193,291  tons  of  spiegeleisen 
were  made  in  this  country,  the  former  largely  from  imported  ores; 
and  45,381  tons  of  ferromanganese  was  imported.  The  metallic 
manganese  represented  by  these  aUoys  was  304,000  tons,  being 
roughly  the  product  of  800,000  tons  of  high-grade  ore  and  345,000 
tons  of  low-grade  ore. 

There  is  an  abundance  of  low-grade  ore  in  this  country  suitable  for 
the  manufacture  of  spiegel,  but  higher  grade  ore  is  necessary  to  make 
ferromanganese.  For  this  reason  the  concentration  of  domestic  ore 
presents  a  field  for  constructive  and  practical  research. 

MANGANESE    DEPOSITS   IN   THE    UNITED    STATES. 

Before  the  war  manganese  ore  was  mined  in  relatively  small  quanti- 
ties in  the  Appalachian  region,  which  includes  parts  of  Virginia, 
Tennessee,  and  Georgia,  and  in  Arkansas,  but  in  consequence  of 
higher  ore  prices  because  of  the  rise  of  ocean  freight  rates,  manganese 
mining  has  been  undertaken  in  Montana,  California,  Arizona,  New 
Mexico,  Nevada,  Utah,  and  Minnesota  as  well  as  in  the  Appalachian 

region. 
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Data  now  available  indicate  that  in  this  countiy  dej^osits  of  high- 
grade  manganese  ores  are  usually  small,  but  some  deposits  of  ore 
lower  in  manganese  and  higher  in  iron  are  of  considerable  size.  In 
the  aggregate,  the  total  quantity  of  manganese-bearing  material  is 
relatively  large,  but  the  difficult}^  of  mining  small  deposits  of  the 
better  grades  of  material  and  the  seeming  undesirability  of  low- 
manganese  alloys  in  the  steel  industry,  make  the  outlook  for  large 
production  of  manganese  in  this  country  uncertain. 

As  regards  the  geologic  origin  of  the  majority  of  the  manganese  and 
manganiferous  iron  ores  in  this  country,  Harder"  states  that  they  are 
largely  the  result  of  secondary  concentration.  Most  of  the  ores  of  the 
Eastern  United  States,  ^Vrkansas,  the  Lake  Superior  region,  Leadville 
and  other  silver  districts,  and  of  western  California  are  of  this  type. 
The  rhodonite  and  rhodochrosite  in  the  unoxidized  parts  of  the  silver 
veins  at  Butte,  however,  are  primary  concentrations  derived  from 
igneous  intrusion.  The  ores  of  northern  Arkansas  are  largely  recon- 
centrations  from  low-grade  secondary  deposits,  derived  by  decom- 
position of  crystalline  rocks,  and  the  California  ores  are  concentra- 
tions within  chert  lenses  of  material  originally  present  in  a  dissem- 
inated form. 

Manganese-bearing  materials  of  the  United  States  may  be  roughly 
classified  as  follows: 

1.  Manganese  ore  proper. 

2.  Manganiferous  iron  ore. 

3.  Miscellaneous  material: 

(a)  Manganiferous  silver  and  lead  ore. 

(h)  Zinc  residuum  from  manganiferous  zinc  ore. 

Manganese  ore,  as  now  defined  by  the  trade,  is  material  that  con- 
tains more  than  35  per  cent  manganese  and  is  suitable  for  the  manu- 
facture of  70  per  cent  ferromanganese.  Manganiferous  iron  ore 
contains  less  manganese  and  more  iron.  In  general,  the  iron  pre- 
dominates, but  there  is  no  hard  and  fast  Imc  of  demarcation  between 
manganese  ore  and  manganiferous  iron  ore.  Manganese  and  iron  are 
so  closely  associated  in  nature  that  all  gradations  from  low-manga- 
nese, high-iron  ore,  to  high-manganese,  low-iron  ore  may  be  found  in 
various  deposits  or  in  the  same  deposit. 

Manganiferous  silver  ore  is  similar  to  manganiferous  iron  ore;  it 
carries  enough  silver  to  make  it  valuable  for  that  metal.  Commercial 
considerations  alone  control  the  balance  between  the  manganese  or 
the  silver  value. 

Zinc  residuum  is  a  by-product  of  the  smelting  of  zinc  ores  from 
Franklin  Furnace,  N.  J.,  which  contain  considerable  manganese. 
After  the  zmc  is  removed  the  remaining  product,  called  residuum, 

a  Harder,  E.  C,  Maganese  deposits  of  the  United  States:  U.  S.  Geol.  Survey  Bull.  427, 1910,  p.  4. 
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has  nearly  the  same  compositiou  as  natural  nianganiferous  iron  ore, 
and  for  years  it  has  been  smelted   to  spiegcleisen. 

In  general  it  may  be  said  that  the  dom.estic  manganese  ores  consist 
of  an  aggregate  of  minerals  of  manganese  and  iron  with  various 
impurities,  such  as  silica,  alumina,  lime,  and  magnesia  and  accessory 
constituents,  such  as  phosphorus,  sulphur,  silver,  lead,  and  zinc. 
The  determining  characteristics  of  the  manganese  minerals  and  their 
relation  to  impurities  are  discussed  in  subsequent  pages. 

In  the  steel  industry  manganese  is  chiefly  used  in  the  form  of  al- 
loys. A  less  important  use  is  for  increasing  the  manganese  content 
of  pig  iron  to  give  particular  grades,  as  foundry  irons,  or  to  assist  in 
metallurgical  operations  of  certain  steel-making  processes,  as  in  the 
basic  open-hearth  process.  The  alloys  of  manganese  generally  used 
in  this  country  are  ferromanganese,  formerly  containing  80  per  cent, 
but  now  70  per  cent,  metallic  manganese,  and  spiegeleisen,  having 
15  to  20  per  cent  metallic  manganese.  The  rest  of  these  alloys  con- 
sists principally  of  iron  with  small  quantities  of  carbon,  silicon,  and 
phosphorus. 

During  the  last  few  years  ferromanganese  has  been  gaming  pop- 
ularity among  steel  manufacturers,  with  spiegeleisen  declining 
proportionately.  Until  recentl}^  approximately  nine-tenths  of  the 
metallic  manganese  used  in  the  steel  industry  was  in  the  form  of  the 
standard  SO  per  cent  alloy.  Ferromanganese,  or  "ferro,''  as  it  is 
usually  called,  is  easier  to  use  in  steel  making  than  aUoys  containing 
smaller  quantities  of  manganese,  as  the  required  quantity  of  that 
metal  is  contained  in  a  smaller  bulk. 

The  difhculty  of  obtaining  ores  suitable  for  the  production  of 
"ferro"  has  led  to  a  consideration  of  the  possibility  of  using  what 
may  be  called  intermediate  aUoys  vrith.  manganese  contents  varying 
between  20  and  80  per  cent.  In  the  electric  furnace  certain  alloys 
can  be  made  with  a  relatively  large  content  of  silicon,  in  addition 
to  the  manganese  and  iron.  The  extent  to  which  such  alloys  may 
satisfactorily  be  used  in  steel  manufacture  is  not  alone  a  technical  or 
economic  problem,  but  is  largely  controlled  by  the  human  element 
and  the  unwillingness  of  steel  masters  to  deviate  from  long-established 
practice. 

Phosphorus  is  undesirable  in  finished  steel.  In  the  manufacture 
of  manganese  alloys  all  the  phosphorus  contained  in  the  ore  will  be 
recoverable  in  the  alloy  and  will  enter  the  steel  when  the  alloy  is 
used.  It  is  permissible,  however,  for  an  alloy  high  in  manganese  to 
contain  more  phosphorus  than  one  low  in  manganese,  for  less  of  the 
former  alloy  is  needed  to  carry  a  given  quantity  of  manganese.  It  is 
interesting  to  note  that  when  17  pounds  of  80  per  cent  ferromanga- 
nese is  added  to  a  ton  of  steel  the  alloy  may  contain  1.33  per  cent 
phosphorus  and  yet  increase  the  phosphorus  content  of  the  steel  by 
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only  0.01  per  cent.  To  add  the  same  amount  of  manganese  in  the 
form  of  Spiegel,  the  alloy  may  contain  0.33  per  cent  phosphorus  and 
increase  the  phosphorus  content  of  the  steel  0.01  per  cent. 

For  many  years  manganese  alloys  have  been  made  chiefly  in  the 
blast  furnace,  although  recently  certain  plants  have  produced  them 
in  the  electric  furnace.  Blast-furnace  practice  on  manganese  alloys 
is  generally  similar  to  ordinary  j^ig-iron  practice,  but  there  are  high 
metal  losses,  principally  in  the  slag,  by  volatilization  and  as  flue 
dust.  The  amount  of  manganese  contained  in  a  given  weight  of  slag 
may  be  partly  controlled  by  fm-nace  manipulation,  but  it  is  evident 
that  the  total  amount  of  manganese  lost  in  this  manner  is  directly 
proportional  to  the  ''slag  volume." 

The  results  of  increased  slag  volume  and  gi-eater  loss  of  manganese 
are  cumulative  and  rather  serious.  More  ore  must  be  used  per  ton 
of  alloy  produced.  This  additional  ore  carries  more  slag-forming 
constituents.  More  coke  is  required  to  melt  it,  which  in  turn  tends 
to  produce  more  slag,  and  increased  slag  volume  cuts  down  the  daily 
output  of  alloy  from  the  furnace.  The  greater  loss  of  manganese 
decreases  the  ratio  of  manganese  to  iron  in  the  alloy,  so  that  unless 
proper  allowance  is  made  the  alloy  will  be  below  the  standard  grade 
and  therefore  subject  to  a  penalty  by  the  purchaser.  Not  only  will 
the  alloy  sell  for  less  money,  but  the  decreased  daily  output  of  the 
blast  furnace  will  lessen  the  total  profits. 

A  manufacturer  of  manganese  alloys  endeavors  to  protect  himself 
against  these  decreased  profits  and  adjusts  his  schedules  and  pen- 
alties for  ore  purchase  with  that  end  in  view.  Although  he  endeavors 
to  equalize  the  effects  of  poor  ores,  the  alloy  producer  would  prefer 
to  buy  better  ores  at  correspondingly  higher  prices. 

CONCENTRATION    OF    DOMESTIC    LOW-GRADE    MANGANESE 

ORES. 

The  comprehensive  term  "concentration"  as  here  used  is  intended 
to  cover  the  improvement  of  low-grade  ore  by  any  suitable  means 
preliminary  to  smelting.  The  requirements  of  metallurgical  prac- 
tice control  the  classification  of  manganese  ore  as  low  grade  and 
high  grade.  Thus  the  term  low  grade  may  refer  to  a  low  content  of 
manganese  with  respect  to  iron  or  to  large  quantities  of  nonmetallic 
impurities.  The  detrimental  effects  in  metallurgical  practice  and 
the  resulting  penalties  are  the  incentive  for  attempts  to  improve  the 
ore  or  raise  its  grade  before  smelting. 

FACTORS  CONTROLLING  THE  POSSIBILITIES  OF  CONCENTRATION. 

In  order  to  interpret  properly  the  possibility  of  concentrating  at  a 
profit  any  type  of  manganese-bearing  material,  many  technical  and 
economic  factors  must  be  considered.     For  a  particular  property, 
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district,  or  class  of  material  it  is  necessary  to  obtain  data  on  these 
factors: 

1.  Character  and  size  of  the  deposit, 

2.  Conditions  affecting  mining  and  marketing, 

3.  Character  of  ore  material  as  affecting  the  possible  improvement 
of  grade, 

4.  Metallurgical  value  of  crude  ore  and  possible  concentrate, 

5.  Commercial  considerations. 

SIZE    AND    CHARACTER    OF    DEPOSIT. 

Obviously  a  large  deposit  of  low-grade  manganese  ore  would  war- 
rant considerable  experimental  work  in  order  to  determine  satisfac- 
tory methods  of  treatment.  Converseh',  if  a  particular  type  of  ore 
occurred  in  only  one  deposit  of  only  a  few  thousand  tons,  the  value 
to  the  industry  of  the  product  from  such  a  deposit  would  be  relatively 
small,  even  if  concentration  were  feasible.  Therefore,  no  undue  pro- 
portion of  time  should  be  devoted  to  a  concentrating  problem  that 
although  of  considerable  technical  and  individual  interest,  gives 
little  promise  of  furnishing  any  considerable  part  of  the  industry's 
needs. 

The  mineralized  mass  must  be  of  such  size  and  character  as  to 
justify  the  expenditure  of  money  in  its  development  and  beneficiation 
and  to  promise  return  interest  on  the  investment  proportional  to  the 
risk  taken.  This  factor  of  cost  is  of  vital  importance,  and  it  is  feared 
that  under  the  stimulus  of  production  incident  to  national  needs 
during  the  war  sound  business  principles  have  at  times  been  tempo- 
rarily forgotten. 

CONDITIONS    AFFECTING   MINING    AND    MARKETING. 

Not  only  must  the  quantity  and  character  of  material  available 
be  considered,  but  the  natural  factors  controlling  the  mining  meth- 
ods, the  transportation  facilities,  and  the  marketing  of  products 
must  be  carefully  studied. 

The  manganese  deposits  of  the  United  States,  although  widely 
scattered  and  comparatively  small,  may  nevertheless  be  mined  by 
relatively  simple  and  therefore  cheap  mining  methods.  The  mines 
are  for  the  most  part  shallow,  and  extensive  development  and  elab- 
orate ec[uipment  are  not  necessary.  Intricate  problems  of  ventila- 
tion and  drainage  do  not  have  to  be  solved,  and  if  all  operations  are 
competently  directed  common  mine  labor  will  generally  suffice. 
Small  deposits  mean  short  life,  the  ore  is  mined  out  rapidly  and  more 
or  less  crude  mining  practice  prevails.  The  cost  of  mining  will, 
however,  be  more  or  less  governed  by  the  necessity  of  selective 
mining,  which  in  turn  is  determined  by  the  variability  of  the  ore, 
the  feasibility  of  economic  concentration,  transportation  facilities, 
and  distance  from  a  consuming  center. 
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All  these  factors  must  be  coordinated  and  their  combined  influence 
carefully  studied  before  intensive  production  from  individual  prop- 
erties begins.  Concentration  by  eliminating  waste  may  yield  a 
product  desu-ed  by  the  steel  industry,  but  its  cost  may  be  prohibitive. 
Discarding  waste  may  enable  the  producer  to  offset  excessive  freight 
rates,  but  geographic  isolation  will  invariably  handicap  an  enter- 
prise. 

Foreign  ores  will  always  find  a  market  in  the  United  States  because 
they  come  from  larger  and  more  uniform  deposits,  are  mined  with 
cheaper  labor,  and  the  ocean  freights  are  lower  than  rail. 

CHARACTERISTICS    OF    ORE    AFFECTING   BENEFICIATION. 
CHARACTER  OF  MANGANESE  MINERALS. 

Although  many  minerals  contain  manganese,  only  a  few  are  com- 
mercially important.  Usualh'  it  is  rather  difficult  accurately  to 
identify  the  manganese  minerals  in  domestic  oxidized  ore.  Several 
minerals  may  be  intimately  associated,  and  one  may  have  been 
formed  by  alteration  of  another.  The  hardness  of  the  individual 
minerals  varies  widely.  Pyrolusite  is  soft  and  may  be  readily  pul- 
verized between  the  fingers.  Hence  difficulty  might  be  expected  in 
attempts  to  recover  this  mineral  by  the  common  processes  of  wet 
concentration.  The  other  minerals  are  harder,  but  usually  brittle. 
Although  the  character  of  the  individual  minerals  is  important,  the 
association  of  the  several  manganese  minerals  with  various  gangue 
materials  often  has  a  more  important  bearing  on  methods  of  con- 
centration. 

IMPURITIES  ASSOCIATED  WITH  MANGANESE  MINERALS. 

Wherever  manganese  ore  is  mined  on  a  commercial  scale,  the 
product  of  the  mine  always  contains  impurities.  Some  of  these  are 
obvious  on  inspection ;  others  may  require  chemical  analysis  for  their 
determination.  The  impurities  associated  with  manganese  minerals 
may  be  classified  as  (1)  those  derived  from  associated  rocks,  or  rocks 
partly  replaced  by  manganese-bearing  solutions,  (2)  those  associated 
with  the  manganese  in  solution,  and  deposited  simultaneously,  and 
(3)  those  chemically  combined  with  manganese  in  the  mineral. 

From  the  viewpoint  of  the  metallm^gist,  all  are  impurities,  and 
must  be  removed  either  before  or  by  metallurgical  treatment. 

For  convenience,  the  common  impurities  in  manganese  ores  may 
be  classified  according  to  certain  general  physical  and  chemical 
principles,  as  follows : 

1.  Metallic.  Iron,  lead,  zinc,  silver,  and  in  some  ores,  nickel,  cop- 
per, and  tungsten. 

2.  Gangue.  "Basic"  lime,  magnesia,  baryta,  ''acid"  silica,  and 
alumina. 
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3.  Volatile.  Water  (atmospheric  moisture  and  molecular  water), 
carbon  dioxide,  and  organic  matt<;»r. 

4.  Miscellaneous.     Phosphorus  and  sulphur. 

The  chemical  behavior  of  these  impurities  affects  metallurgical 
operations,  and  the  physical  form  in  which  they  occur  controls  the 
possibility  of  removal  previous  to  smelting,  and  the  choice  of  methods 
for  accomplishing  such  removal. 

The  proportion  of  manganese  to  the  useless  or  harmful  constitu- 
ents of  an  ore  determines  the  value  and  desirability  of  the  ore. 

The  presence  of  appreciable  quantities  of  any  impurity  means  that 
more  ore  must  be  mined  and  smelted  in  order  to  produce  a  given 
weight  of  manganese  alloy.  Some  impurities  are  more  detrimental 
to  alloy  manufacture  than  others. 

MetaUic  impurities,  of  which  iron  is  the  most  common,  are  usually 
reduced  in  smelting  and  are  retained  by  the  alloy.  The  quantity 
present  naturally  affects  the  character  of  the  alloy  produced,  which 
in  tiu'n  controls  its  desirability  for  use  in  steel  manufacture.  Other 
metallic  impm-ities  occur  usually  in  such  small  amounts  that  they 
are  not  detrimental  to  the  resulting  alio}'.  Zinc  is  an  exception. 
This  metal  is  largely  volatilized  in  smelting,  and  if  it  is  present  in 
appreciable  quantities  its  fume  condenses  as  oxide  in  the  hot-blast 
stoves  and  may  hinder  fm-nace  operation.  Unless  the  furnace-top 
gases  are  washed,  the  stoves  must  frequently  be  cleaned,  with  con- 
sequent loss  of  time.  When  the  price  of  zinc  is  high,  the  zino  oxide 
recovered  from  the  stoves  yields  a  substantial  sum. 

Silver,  from  the  standpoint  of  the  steel  manufacturer,  is  neither 
detrimental  nor  advantageous  to  manganese  alloys.  The  silver  con- 
tent of  a  manganese  alloy  has  no  value;  consequently  no  credit  is 
allowed  the  .miner  for  silver  contained  in  an  ore  to  be  used  for  man- 
ganese-alloy manufacture.  In  some  ores  the  silver  content  is  such 
that  the  ore  has  greater  value  for  the  lead  smelter.  The  manganese 
then  acts  as  a  flux  and  the  silver  may  be  recovered  by  purification 
of  the  lead. 

The  gangue  impurities  classed  as  basic  and  acid  m.ay  also  be 
called  ''slag-forming  impurities.''  In  smelting,  these  impurities 
must  be  fluxed  to  form  slag.  Slag  is  usually  considered  a  waste 
product,  but  it  has  important  metallurgical  functions,  and  just 
enough  slag  must  be  present  for  performing  these  functions  properly 
and  economically.  An  excess  of  slag  must  be  avoided.  In  man- 
ganese-alloy manufacture  the  slag  contains  more  or  less  manganese, 
the  quantity  of  manganese  thereby  lost  being  dependent  on  the 
basicit}'  of  the  slag,  the  temperature,  and  the  slag  volume.  The 
first  two  factors  control  the  quantity  of  manganese  in  a  given  weight 
of  slag,  and  it  is  obvious  that  the  greater  quantity  of  slag  will  result 
in  a  greater  loss  of  manganese.     A  large  slag  volume  will  rapidly 
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decrease  the  daily  alloy  output  of  a  blast  furnace.  The  overhead 
charges  must  be  distributed  over  a  smaller  daily  tonnage  of  alloy 
and  the  profit  from  the  sales  for  a  given  unit  of  time  will  decrease. 
It  follows  that  more  than  the  quantity  of  slag  required  to  provide 
for  the  metallurgical  functions  is  highly  undesirable. 

Silica  is  usually  the  predominant  slag-forming  constituent  in 
domestic  manganese  ore.  Some  silica  is  reduced  to  the  metallic  state 
in  smelting  and  is  recovered  in  the  alloy  as  silicon,  but  the  larger 
part  must  be  fluxed  with  lime,  magnesia,  or  other  bases  to  form  slag. 
Manganese-alloy  slags  should  be  basic;  hence  a  larger  quantity  of 
slag  will  be  produced  from  an  ore  with  acid  ganguc  than  in  normal 
iron  blast-furnace  practice.  Alumina  is  a  slag-forming  constituent 
and  although  usually  classed  with  silica,  it  acts  somewhat  differently 
in  the  blast  furnace.  Brazilian  ores  are  notably  high  in  alumina,  but 
most  domestic  ores  contain  relatively  small  quantities. 

Lime,  magnesia,  and  baryta  in  an  ore  are  also  slag-forming  con- 
stituents, but  they  combine  with  the  silica  and  alumina  present  and 
thereby  reduce  the  cjuantities  of  those  bases  necessary  in  the  form 
of  limestone  or  dolomite  for  the  furnace  charge.  Baryta  is  not  com- 
mon as  a  ganguc  mineral.  It  is  not  as  strong  a  base  as  either  lime 
or  magnesia.  While  these  constituents  offset  the  metallurgical 
effects  of  silica  or  alumina,  as  regards  evaluating  an  ore,  they  repre- 
sent weight,  and  if  the  ore  must  be  transported  a  considerable  dis- 
tance to  the  point  where  it  is  smelted,  it  is  doubtful  whether  their 
value  as  bases  would  equal  the  additional  freight  charge.  Limestone 
can  generally  be  obtained  at  low  cost  close  to  the  smelter. 

Volatile  impurities  are  removed  from  the  top  of  a  blast  furnace 
largely  by  the  surplus  heat.  It  is  desirable,  however,  in  order  to 
reduce  the  loss  of  manganese  to  keep  the  top  of  a  manganese-alloy 
blast  furnace  cool.  Volatile  compounds  are  not  particularly  detri- 
mental to  smelting.  When  carbonate  ores  are  being  treated  the 
case  is  somewhat  different.  Some  metallurgists  claim  that  in  treat- 
ing: rhodochrosite  ores  the  ratio  of  carbon  monoxide  to  dioxide  in  the 
furnace  gases  is  disturbed,  which  has  a  detrimental  effect  on  the 
reduction  of  the  oxides  in  the  upper  part  of  the  furnace.  It  has 
also  been  suggested  that  the  carbon  dioxide  driven  off  combines  with 
carbon  of  the  coke,  forming  carbon  monoxide  in  the  upper  part  of 
the  furnace,  and  thus  increases  the  coke  consumption.  Definite 
data  are  not  available  on  these  points. 

In  practice,  all  the  phosphorus  in  the  ore  mixture  and  that  con- 
tained in  the  coke  and  limestone  is  recovered  in  the  resulting  alloy. 
The  permissible  quantity  of  i^hosphorus  in  an  alloy  (the  proportion 
that  does  not  produce  detrimental  effects  when  the  alloy  is  added 
to  steel)  has  not  been  definitely  determined.  The  higher  the  man- 
ganese content  of  an  alloy,  the  larger  the  proiX)rtion  of  phosphorus 
that  may  safely  be  contained.     Ordinarily  steel  makers  desire  as 
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lai^  a  margin  of  safety  as  possible,  and  therefore  have  specified  that 
the  phosphonis  in  an  ore  shall  not  exceed  a  certain  percentage. 

Sulphur  is  usually  present  in  small  quantities  in  oxidized  manga- 
nese ores,  but  in  the  primary  rhodochrosite  ores  of  Butte  and  other 
parts  of  the  West  there  may  be  considerable  quantities  of  sidphides 
of  iron  and  zinc.  Sulphur  is  not  a  serious  factor,  as  the  conditions 
of  blast-furnace  operation  when  making  manganese  alloys  are  such 
that  sulphur  combines  with  manganese  or  lime  and  is  readily  retained 
by  the  slag,  only  traces  entering  the  alloy. 

Knowing  the  effect  of  impurities  in  manganese  ores  on  blast-furnace 
practice,  the  methods  of  eliminating  them  may  now  be  considered. 
Ore  dressing  deals  with  the  problems  of  separating  deleterious  or 
useless  materials  from  the  more  valuable  minerals,  thereby  raising 
the  grade  and  reducing  the  quantity  of  the  concentrated  product. 
To  accomplish  this,  it  is  essential  that  the  physical  and  chemical 
characteristics  of  the  ore  be  determined.  These  factors  are  con- 
ditioned largely  by  the  type  of  deposit  from  which  the  ore  is  mined. 
As  types  of  ore,  entirely  disregarding  genesis,  we  recognize: 

1.  Rhodochrosite  and  rhodonite;  carbonate  and  silicate  ores, 
deposited  in  fissure  veins  or  replacing  original  rocks. 

2.  Nodular  ores,  accretions  of  manganese  oxide  in  soft  plastic  clays. 

3.  Manganese  oxides  deposited  in  small  fissures  or  fracture  planes, 
as  braccia  fillings,  or  as  more  or  less  impure  beds. 

4.  Manganese  oxides  occurring  as  infiltrations,  deposited  in  minute 
pore  spaces,  as  partial  replacements,  or  otherwise  intimately  mixed 
with  the  rock  or  gangue. 

In  the  first  class  of  deposits,  the  principal  gangue  impurity  is  silica, 
although  sulphides  of  silver,  lead,  zinc,  and  iron  are  often  found  in 
appreciable  quantities.  The  silica  occurs  both  as  quartz  and  chem- 
ically combined  in  rhodonite  ores.  In  the  carbonate  ore,  the  carbon 
dioxide  may  be  removed  by  calcination,  thus  effecting  a  concentration 
of  manganese,  reducing  the  bulk,  and  lowering  the  freight  rate  per  unit 
of  manganese  contained  in  the  original  ore,  but  rhodochrosite  de- 
crepitates strongly  when  heated  to  a  temperature  where  the  oxide  is 
formed,  tending  to  produce  an  excessive  amount  of  fines  which  is 
undesirable  in  practice.  The  breaking  up  of  the  particles  by  calcina- 
tion will  isolate  some  of  the  free  silica  which  on  account  of  the  larger 
sized  particles  might  be  screened  out.  The  sulphide  minerals  may 
occur  in  such  quantity  that  it  is  desirable  to  remove  them  by  gravity 
methods  of  separation. 

In  the  second  class  of  deposits,  the  nodules  are  of  variable  size  and 
usually  high  in  manganese.  They  do  not  appear  to  be  contaminated 
internally  with  the  inclosing  material.  The  clays  are  soft,  whereas 
the  nodules  are  generally  hard.  This  type  is  common  in  the  Appa- 
lachian region  of  the  United  States.  The  clay  may  be  separated 
from  the  manganese  nodules  by  log  washers,  followed  where  neces- 
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sary,  and  where  the  size  of  the  deposits  warrants  the  installation,  by 
picking  belts,  crushers,  screens,  and  jigs. 

In  deposits  of  the  third  class,  the  manganese  minerals,  although 
closely  associated  with  the  inclosing  rock,  are  generally  not  con- 
taminated by  it  and  may  be  relatively  pure.  The  method  of  treat- 
ment varies  with  the  size  of  the  manganese  particles  and  the  hardness 
of  the  rock,  but  does  not  differ  essentially  from  the  treatment  of  the 
second  class.  If  there  is  little  or  no  clay,  the  log  washer  will  be 
omitted,  and  crushing,  screening,  jigging,  and  possibly  tabling  wiU 
make  up  the  concentrating  process. 

If  the  manganese  mineral  is  largely  pyrolusite,  and  therefore  friable 
and  soft,  crushing  may  produce  an  excessive  proportion  of  fines  diffi- 
cult to  recover  by  gravity  or  water  methods  of  separation.  If,  how- 
ever, the  manganese  mineral  is  hard,  dense,  and  massive,  and  the  in- 
closing rock  is  more  friable,  the  problem  is  simpler.  When  the  specific 
gravity  of  the  minerals  and  the  gangue  approximate  each  other,  wet 
concentration  is  difficult  unless  the  particles  differ  decidedly  in  size. 

Obviously  the  association  of  gangue  materials  with  the  desired 
mineral  in  ores  of  the  fourth  class  is  so  intimate  that  the  finest  crush- 
ing imaginable  will  not  permit  separation  by  mechanical  means.  To 
this  type  the  siliceous  manganese  ores  of  the  Western  States  may  be 
assigned.  Ore-dressing  tests  have  conclusively  shown  that  where  the 
silica  is  chemically  combined  with  the  manganese  or  where  colloidal 
silica  envelops  the  manganiferous  particles,  any  wet  process  or  gravity 
concentration  will  not  give  the  desired  results. 

CONCENTRATION  PROCESSES. 

This  paper  does  not  describe  in  any  detail  actual  ore-dressing  or 
concentration  practice.  It  is  axiomatic  that  small  deposits  or  mines 
of  questionable  life,  as  determined  by  tonnage  and  markets,  do  not 
warrant  elaborate  plants  or  the  adoption  of  intricate  beneficiation 
processes.  A  general  classification  of  methods  applicable  to  the 
manganese  industry  is  given  below.  The  processes  mentioned  are 
all  preliminary  to  the  greater  and  final  concentration  of  the  desirable 
elements  in  the  blast  furnace. 

I.  Simple  methods  of  concentration. 
(a)  Selective  mining. 
(6)   Hand  picking. 

(c)  Jigging. 

(d)  Screening. 

(e)  Log  washing. 

(/)  Water  classification. 

ig)  Roughing- table  treatment. 

(h)  Slime-table  or  vanner  treatment. 

(i)  Pneumatic  separation. 

ij)  Combination  of  two  or  more  of  the  above  methods. 
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II.  Complex  methods. 

(a)  Magnetic  separation. 

(1)  Witlioiit  preliminary  thermal  treatment. 

(2)  With  preliminary  thermal  treatment 
(6)  Electrostatic  separation. 

(c)  Hydrometallurgical  processes. 

(1)  Leaching  with  various  acids.  Precipitation  by  chemical 
substances. 

(2)  Leaching  with  various  acids.  Precipitation  by  elec- 
trolysis. 

(3)  Leaching  with  various  acids.  Evaporation  of  solution 
and  heat  treatment  in  rotary  kiln. 

(d)  Preliminar}'  thermal  processes. 

(1)  Drying,  to  remove  hygroscopic  moisture. 

(2)  Calcining,  to  remove  carbon  dioxide  or  combined  water. 

(3)  Agglomerating  fine  concentrates,  to  make  them  desirable 
for  blast-furnace  use. 

(4)  Volatilizing  manganese  at  high  temperatures  in  the 
presence  of  constituents  that  form  readily  volatile  com- 
pounds. 

(5)  Direct  reduction  of  oxides  by  carbon,  under  temperature 
control. 

(e)  Miscellaneous  processes. 

(1)  Flotation. 

(2)  Use  of  heavv  solutions. 

There  are  many  standard  machines  for  the  concentration  of  ores,  but 
it  is  unwise  to  think  that  a  certain  machine  will  accomplish  the  neces- 
sary result  on  manganese-bearing  materials.  As  the  character  of 
the  manganese  materials  varies  greatly  in  different  districts,  it  is 
more  logical  to  determine  in  detail  physical,  as  well  as  the  chemical, 
characteristics  of  the  material.  When  such  preliminary  study  has 
shown  the  nature  of  the  impurity,  and  its  relation  to  the  manganese 
mineral,  it  is  easier  to  outline  a  suitable  method  of  treatment.  The 
flow  sheet,  however,  must  be  determined  by  experiment. 

COMMERCIAL  CONSIDERATIONS  REGARDING  BENEFICIATION. 

If  the  technical  possibilities  of  beneficiating  any  particular  ore  are 
favorable,  it  is  then  necessary  to  ascertain  whether  such  an  operation 
on  a  commercial  scale  would  yield  a  reasonable  profit.  The  cost  of 
the  plant  and  its  installation  must  be  justified  either  by  the  available 
ore  in  the  deposit,  or  by  the  length  of  time  during  which  the  profit 
could  be  made.  The  amortization  of  capital  and  the  interest  on  the 
investment  must  be  included  in  the  estimation  of  cost. 

Tlie  effect  of  concentrating  an  ore  is  not  always  clearly  appreciated. 
Concentration  implies  that  an  improvement  of  metallic  content  is 
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made  by  the  intentional  elimination  of  impurities,  but  tbere  is 
always  a  loss  of  the  valuable  mineral  itself.  When  the  grade  of  the 
product  is  increased,  its  weight  is  decreased.  In  other  words,  2  to 
25  tons  of  crude  manganese-bearing  material  may  be  required  to  pro- 
duce 1  ton  of  high-grade  concentrate.  The  income  results  from  the 
sale  of  the  smaller  quantity  of  concentrate,  but  chargeable  against 
this  will  be  the  cost  of  mining  some  tons  of  crude  ore,  the  cost  of  treat- 
ing the  ore,  the  freight  to  market,  and  the  special  overhead  charges. 
Concentration,  however,  may  be  necessary  to  make  the  material 
marketable  at  all. 

ESTIMATED    COST    DATA. 

In  order  to  illustrate  the  above  points  a  little  more  clearly,  the 
essential  economic  factors  have  been  applied  to  three  ores  from 
California. 

It  is  estimated  that  the  three  ores  were  obtained  from  desposits 
of  such  size  that  it  would  be  possible  to  mine  75  tons  of  crude  ore  a 
day.  In  the  table  below  the  figures  from  actual  concentrating  tests 
have  been  combined  with  estimates  of  the  cost  of  mining  and  treat- 
ment. The  mining-cost  figures  are  those  reported  by  one  of  the 
three  mines  for  the  season  of   1917. 

A  rough  estimate  of  the  cost  of  a  small  concentrating  plant  capable 
of  treating  75  tons  of  crude  ore  a  day  is  $20,000.  It  is  assumed 
that  this  amount  must  be  charged  off  in  a  year  of  300  operating 
days.  Instead  of  the  amortization  rate  per  ton  being  actually 
computed,  the  S20,000  and  the  interest  charge  of  7  per  cent  are 
distributed  over  the  annual  production  of  concentrates.  The 
interest  charge  at  7  per  cent  is  also  distributed  over  the  total  tonnage 
of  concentrates. 

Royalty  is  considered  to  remain  at  SI. 50  a  ton  of  crude  ore,  even 
if  the  material  is  concentrated.  Based  on  concentrates,  it  therefore 
increases  proportionally  to  the  ratio  of  concentration. 

The  value  of  crude  ore  and  concentrates  has  been  computed  on 
the  basis  of  the  schedule  approved  by  the  War  Industries  Board 
in  May,  1919.  These  prices  no  longer  hold,  and  new  computations 
should  be  made  on  the  basis  of  existing  prices.  The  methods  to 
be  followed  are,  however,  indicated  by  the  examples  given.  A 
freight  rate  of  Sll.20  per  ton  has  been  used  from  California  points 
to  Chicago  on  a  long  ton  of  2,240  pounds. 

AU  figures  in  these  estimates  are  based  on  dry  analyses  and  on  a 
long  ton  of  2,240  pounds.  Because  of  the  length  of  haul,  it  is  assumed 
that  moisture  V\'ould  be  negligible  in  both  crude  ores  and  concentrates. 
The  figures  follow  in  table  9. 
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Table  d.— Estimated  cost  data  applied  to  three  Cdlifornia  ores. 

MANGANESE  ORE  1009. 

Fe  Mn  SiOj  P 

Analysis  of  crude  ore,  per  cent 2.55        40.01        28.91        0.047 

foncentralion  results:                                                                  Crude  ore.  ^°l^^f;  Tailings. 

Per  cent  by  weight 100.  00  50.  55  49.  45 

Per  cent  manganese 38.59  51.10  25.81 

Per  cent  manganese  by  weight 100.00  66.93  33.07 

Ratio  of  concentration 1.  987  1.  00 

Fe              Mn  SiOa  P 

Analysis  of  concentrate,  per  rent 1.48        51.55  13.14  0.053 

Daily  crude  ore  capacity,  tons 75 

Daily  concentrate  production,  tons 38 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Mining $3. 00 

Tramming  and  loading 1.  25 

Royalty 1.  50 

Unloading 25 

Trucking 2.  50 

Overhead 1.  75 


Total 10.  25 

Value  of  crude  ore,  per  ton: 

Manganese  value,  @  $1.02 40.  01  X$l.  02=$40.  81 

Silica  penalty 7X  0.50=     3.50 

5X  0.75=     3.75 
8. 91X  1.00=     8.91 


Total 16.16 

Netf.  o.  b.  Chicago $40.81-  16.16=24.65 

Net  value,  railroad  shipping  point,  $11.20  freight 24.  65-  11.  20=13.  45 

Net  profit  on  sale  of  crude  ore 13.  45—  10.  25=  3.  20 

Estimated  cost  of  concentrating  plant $20,000 

Estimated  amortization  period 1  year — 300  days 

Charge  per  ton  concentrate $20, 000-f-(300X38)=$l.  75 

Interest  on  investment  at  7  per  cent  per  ton  of  con- 
centrate     (0.  07  X$20,  000)^11,  400=0.  12 

Estimated  cost  of  concentration  per  ton $0.  75  per  ton  of  concentrates 

Total  estimated  cost  of  concentrate  on  cars: 

Mining @  $3.00  per  ton  of  crude  1.  987 X$3.  00=$5.  96 

Tramming @     .60  per  ton  of  crude  1.  987X     .60=  1.19 

Concentrating @     .75  per  ton  of  con- 
centrates    1.  OOOX     .75=     .75 

Amortization 1.75 

Interest .12 

Royalty  at  $1.50  per  ton  of  crude 1.  987=  1.  50X  2.  98 

Unloading  at  .25  per  ton  of  concentrate 1.  000=     .  25X     -25 

Trucking  at  2.50  per  ton  of  concentrate 1.  OOOX  2.  50=  2.  50 

Overhead  at  1.75  per  ton  crude 1.  987  X  1-  75=  3.  48 

Total 18.  98 

137338°— 20 i 


40  PKOBLEMS  OF  DOMESTIC  LOW-GRADE  MAIiJGANESE  OEE. 

Table  9. — Estimated  cost  data  applied  to  three  California  ores — Contirtued. 
MANGANESE  ORE  1009— Continued. 

Value  of  concentrate  per  ton : 

Manganese  value,  at  $1.24 51.  55X  §1.  24=$63.  92 

Silica  penalty 5. 14X  .50=     2.57 

Net  value,  f.  o.  b.  Chicago |63. 92-  $2.  57=  61.  35 

Xet  value,  railroad  shipping  point,  §11. 2a  freight 61.  35-  11.  20=  50. 15 

Net  profit  on  concentrate  per  ton 50. 15—  18.  98=  31. 17 

Daily  profit  on  crude  ore 75X$3.  20=  $240.  00 

Daily  profit  on  concentrate 38X31. 17=1, 184.  4G 

Balance  in  favor  of  concentrating =     944.  4G 

Annual  profit  on  crude  ore,  300  days 300X§240.  00=§72, 000 

Annual  profit  on  congentrate,  300  days 300X  944.  46X283,  338 

Balance  in  favor  of  concentration =211, 338 

Annual  production  of  crude  ore,  tons 22,  500 

Annual  produetion  of  concentrate,  tons 11,  400 

MANGAJSTESE  ORE  1011. 

Fe  Mu  SiOj  P 

Analysis  of  crude  ore,  per  cent 1.27  32.01  39.  55  0.  020 

Concentration  results:                                                                      Grade  ore.  Concentrate.  Tailings. 

Per  cent  by  weight 100.  00  46.  47  53.  53 

Per  cent  of  manganese 32.19  45.05  21.02 

Per  cent  of  manganese  by  v\-eight 100.  00  65.  05  34.  95 

Ratio  of  concentration 2.152  1.000 

Fe  Mn              SiO.  P 

jVualysis  of  concentrate,  per  cent 1.  50  45.  05  18.  64         

Daily  crude  ore  capacity,  tons "5 

Daaly  concentrate  production,  tons 35 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Iklining $3.  00 

Tramming  and  loading 1.25 

Royalty. 1-50 

Unloading ^^ 

Trucking! 2.  50 

Overhead 1-  "^ 

Total 10i25 

Value  of  crude  ore — Too  siliceous. 

Estimated  cost  of  concentrating  plant §20,  000 

Estima.ted  amortization  period i  year —300  days 

C"harge  per  ton  of  concentrate $20, 000^(300X35)=$!.  90 

Interest  on  investment  at  7  per  cent  per  ton  concen- 
trate   (0.  07  XS20,  000i--10,  500=.  12 

Estimated  cost  of  concentration  per  ton $0.  75  per  ton  cf  concentrate. 
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Table  !). — Estimated  cost  data  applied  to  thj-ec  California  ores — C'ontiuuecL 
MANGANESE  ORE  1011— Continued. 

Total  estimated  cost  of  concentrate  on  cars: 

Mining,  at  $3  per  ton  of  crude 2.  152X?3.  00=$6.  46 

Tramming,  at  ?0.G0  per  ton  of  crude 2. 152X     .  60=  1.  29 

Concentrating,  at  $0.75  per  ton  of  concentrate 1 .  000  X     .  75=     .  75 

Amortisation 1.  90 

Interest .13 

Royalty,  at  $1.  50  per  ton  of  crude 2.  152X  1.  50=  3.  23 

Unloading,  at  50.25  per  ton  of  concentrate 1.  OOOX     .  25=     .  25 

Trucking,  at  $2.50  per  ton  of  concentrate 1.  OOOX  2.  50=  2.  50 

Overhead,  at  $1.90  per  ton  of  crude 2.  152X  1.  90=  4.  09 


Total 20.  GO 

Value  of  concentrate  per  ton: 

Manganese  value,  at  $1.12 45.  05X$1. 12=$50.  46 

Silica  penalty 7.  0  X  0.  50=     3.  50 

Net  value 3.  64X  0.  75=     2.  73 


Total 6.23 

Net  value,  f.  o.  1).  Chicago $50.  46-§6.  23=  44  23 

Net  value,  railroad  shipping  point,  $11.20  freight 44,  23— 11.  20=  33. 03 

N>t  profit  on  concenti-ate  per  ton 33.  03  — 20.  G0=  12.43 

Daily  profit  on  crude  ore 

Daily  profit  on  concentrate 35X$12.  43=$435.  05 

Balance  in  fa^-or 


Annual  profit  on  crude  ore,  300  days 

Annual  profit  on  concentrate— 300  days 300X$4.  35.  05=$130^515 

Balance  in  favor 


Annual  production  of  crude  ore,  tons 22, 500 

Annual  production  of  concentrate,  tons 10,  500 

MANGANESE  ORE  1020. 

Fo  Mn 

Analysis  of  crude  ore,  per  cent 1.  50  39.  95 

Concentration  results:  Crade  ore. 

Per  cent  by  weight 100.  00 

Per  cent  of  manganese 38.  77 

Per  cent  of  manganese  l)y  weight 100.  00 

Eatio  of  concentration'.. 3.  018 

Fe  Ma 

Analysis  of  concentrate,  per  cent 1.  23  51. 55 

Daily  crude  ore  capacity,  tons 75 

Daily  concentrate  production,  tons 25 


SiOj 

25. 10 

1' 
0.075 

centrales. 
33.14 
51.21 
43.78 
1.00 

Tailings. 
GG.8G 
32.  GO 
5G.  22 

Si02 
11.65 

P 
0-074 
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Table  9. — Estimated  cost  data  applied  to  three  California  ores — Continued. 
MANGANESE   ORE   1020— Continued. 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Mining $3. 00 

Tramming  and  loading 1.  25 

Royalty 1-50 

Unloading 25 

Trucking 2.50 

Overhead 1-75 

Total 10.  25 

Value  of  crude  ore,  per  ton: 

Manganese  value,  at  11.00 $39.  95X$1.  00=$39.  95 

Silica  penalty 7X     .50=     3.50 

5X     .75=     3,75 
5.1  X  1.00=     5.10 

Total 12.35 

Net  f.  0.  b.  Chicago $39.  95-$12.  35=  27.  60 

Net  value,  railroad  shipping  point,  $11.20  freight 27.  60-  11.  20=  16. 40 

Net  profit  on  sale  of  crude  ore 16.40—  10.25=  6.15 

Estimated  cost  of  concentrating  plant $20, 000 

Estimated  amortization  period 1  year —300  days 

Charge  per  ton  concentrate $20,  000h-(.300X25)=$2.  67 

Interest  on  investment  at  7  per  cent  per  ton  of  concen- 
trate   (O.  07X20, 000)-^7,  500=  0. 19 

Estimated  cost  of  concentration  per  ton $0.  75  per  ton  concentrates 

Total  estimated  cost  of  concentrate  on  cars: 

Mining,  at  $3  per  ton  of  crude 3.  018X$3.  00=$9. 05 

Tramming,  at  60  cents  per  ton  of  crude 3.  018X     .  60=  1.  82 

Concentrating,  at  75  cents  per  ton  of  concentrates 1.  OOOX     .  75=     .  75 

Amortization 2.  67 

Interest 19 

Royalty,  at  $1.50  per  ton  of  crude 3.  018X$1.  50=$4.  53 

Unloading,  at  25  cents  per  ton  of  concentrate 1.  OOOX     .25=     .25 

Trucking,  at  $2.50  per  ton  of  concentrate 1.  OOOX  2.  50=  2.  50 

Overhead,  at  $1.75  per  ton  of  crude 3.  018X  2.  67=  8. 06 

Total 29.  82 

Value  of  concentrate  per  ton: 

Manganese  value,  $1.24 51.55X  $1.  24=$63.  92 

Silica  penalty 3.  65X  .50=     1.83 

Net  value,  f.  o.  b.  Chicago .$63.92-  1.83=  62.09 

Net  value,  railroad  shipping  point,  $11.20  freight 62.  09  -  11.  20=  50.  89 

Net  profit  on  concentrate  per  ton 50.89-  29.82=  21.07 

Daily  profit  on  crude  ore 75  X  $6. 15=$461.  25 

Daily  profit  on  concentrate 25X  21.  07=  526.  75 

Balance  in  favor Concentrating=     65.  50 
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Table  0. — EHimated  cost  data  applied  to  three  California  ores — Continued. 
MANGANESE   ORE   1020— Continued. 

Annual  profit  on  crude  ore,  300  days 300X$461.  25=$138,  375 

Annual  profit  on  concentrate,  300  days 300X  526.  75=  158, 025 

Balance  in  favor Concentrating=     19,  750 

Annual  production  of  crude  ore,  tons 22,  500 

Annual  production  of  concentrate,  tons 7,  500 


DISCUSSION    OF    ESTIMATED    COST    DATA. 
ORE  1009. 

The  manganese  content  of  this  crude  ore  is  within  the  range  of 
the  schedule.  The  sihca  content  is  a  few  points  above,  but  it  has 
been  assumed  that  a  small  tonnage  of  such  ore  might  be  accepted. 
The  value  of  the  crude  ore  has,  therefore,  been  computed. 

By  a  concentration  of  approximately  2  to  1  a  high-grade  product 
can  be  obtained.  Shipment  of  the  crude  ore  shows  a  small  profit 
per  ton.  On  concentrate  the  profit  per  ton  is  comparatively  large, 
and,  although  it  weighs  much  less,  the  daily  profit  is  shown  to  be 
much  larger. 

ORE  1011. 

The  manganese  content  of  ore  1011  is  below  the  range  of  the 
present  schedule  and  the  silica  content  is  very  high.  It  is,  there- 
fore, considered  that  this  ore  could  not  be  sold  as  mined,  but  would 
require  concentration.  The  concentrate  is  not  very  high  in  manga- 
nese, being  5.50  per  cent  lower  than  that  obtained  from  ore  1009, 
although  the  ratio  of  concentration  is  nearly  the  same.  The  com- 
putation shows  a  doily  profit  by  concentrating  considerably  less 
than  for  ore  1009. 

ORE  1020. 

The  manganese  content  of  ore  1020  is  within  the  range  of  the 
present  schedule  and  the  silica  content  is  only  0.1  per  cent  higher 
than  the  rejection  limit.  Therefore,  the  value  of  the  crude  ore  has 
been  computed.  The  manganese  content  of  the  concentrate  produced 
is  almost  the  same  as  for  ore  1009,  but  the  ratio  of  concentration  is 
much  larger.  Hence,  the  profit  per  ton  is  less  than  for  ore  1009, 
although  more  than  for  ore  1011.  The  daily  profit  is  considerably 
decreased  by  the  smaller  output.  Consequent!}^,  while  there  is  a 
decided  balance  in  favor  of  concentrating  ore  1009,  the  balance  for 
ore  1020  is  comparatively  rather  small. 

FINENESS  OF  CONCENTRATES. 

The  concentration  tests  of  the  three  ores  embodied  crushing  to 
pass  10  mesh,  classifying,  and  treating  on  roughing  tables.  Ore 
buyers  have  said  that  they  were  not  interested  in  such  fine  material. 
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Indeed,  it  would  not  be  suitable  as  a  major  part  of  a  manganese  blast- 
furnace mixture,  but  up  to  5,  or  possibly  10  per  cent,  it  should  not 
be  excessively  harmful.  There  would  be  a  larger  loss  in  flue  dust,  and 
if  material  of  better  structure  were  obtainable  it  would  be  greatly 
preferred  by  blast-furnace  operators.  Because  of  the  larger  losses 
attending  the  use  of  this  fine  material,  if  it  were  purchased  at  all, 
it  would  probabh^  ])e  penalized. 

Possibly  such  fine  concentrates  could  be  agglomerated  by  briquet- 
tmg,  sintering,  or  nodulizing.  But  in  practice,  the  application  of 
any  such  process  to  a  particular  mine  is  rather  doubtful.  In  the 
first  place,  a  small  daily  output  would  not  suffice  to  keep  such  a 
plant  in  continuous  and  effective  operation.  A  sintering  plant 
might  be  erected  for  the  jomt  use  of  several  mines,  or  might  be  erected 
independently  and  operated  on  a  custom  basis.  The  first  cost  of 
the  equipment  and  the  operating  costs  that  would  probably  prevail 
in  California  being  high,  it  is  doubtful  whether  such  plants  would  be 
profitable,  imless  there  were  some  assurance  of  high  prices  prevailing 
for  a  considerable  period  of  time. 

At  present  noduhzmg  plants  at  iron  ])last  furnaces  in  Chicago 
and  elsewhere  are  running  on  flue  dust.  In  an  emergency  they 
might  be  turned  over  to  manganese  concentrates,  and  the  operating 
company  reimbursed  in  some  manner,  j^ossibly  by  a  joint  assessment 
of  miner  and  alloy  manufacturer.  It  is  presmned  that  the  sinter 
would  be  superior  to  natural  manganese  ores  as  mined  and  shipped 
direct,  and  that  a  certain  j^art  of  the  cost  might  be  charged  off 
against  improved  furnace  practice. 

The  time  required  for  the  erection  of  a  plant  may  be  considerable, 
and  private  capital  might  not  be  attracted  to  an  enterprise  of  this 
character  unless  there  were  some  assurance  that  a  given  margin  of 
profit  might  l)e  possible  for  a  period  long  enough  to  permit  retirement 
of  the  original  investment  for  the  plant  and  the  gaining  of  a  satisfac- 
tory return. 


CILU^TER    4.— PREP.UIATIOX    OF    MANGANESE    ORE. 


Bv  W.  R.  Ceaxe. 


IlfTRODUCTOEY    STATEMENT. 

The  great  demand  for  manganese  during  the  war  caused  many 
pci-sons  to  engage  in  mining  and  preparing  manganese  ores  for 
market.  As  a  result  much  money  was  spent  on  plants  that  were 
not  adapted  to  the  work.  This  condition  was  recognized  by  the 
Bm-eau  of  Mines  early  in  19 IS,  and  an  effort  was  made  to  assist  the 
operators  of  manganese  properties  by  sending  engineers  into  the  field 
to  advise  as  to  the  proper  methods  of  mining  and  treating  the  ores. 

A  preliminary  study  of  the  operations  showed  that  the  methods 
in  general  use  were  wasteful;  consequently,  if  practice  could  be 
improved  it  was  estimated  that  the  production  of  the  various  districts 
could  be  increased,  by  saving  a  large  proportion  of  the  mineral 
formerly  lost — thousands  of  tons  a  year.  With  this  object  in  mind, 
a  standard  washing  plant  was  designed,,  which  was  based  on  the  best 
and  most  successful  practice  in  manganese  properties  in  the  comitry. 

The  methods  employed  in  cleaning  and  concentrating  manganese 
ores  and  the  scale  of  operations  depend  largely  upon  the  size  and 
character  of  the  deposits  worked.  The  ores  obtained  from  the  chffer- 
ent  forms  of  deposits  are  so  varied  in  character  that  were  it  econom- 
ically possible  to  treat  all  of  them,  a  wide  variation  in  i>ractice  would 
be  necessary.  The  irregular  deposits,  consisting  largely  of  manganese 
and  rock  fragments  inclosed  in  clay,  are  probably  more  largely 
treated  than  the  regular  forms  as  they  produce  the  bulk  of  the  ores 
treated.  A  relatively  large  amount  of  ore  also  comes  from  the 
regular  or  blanket  formations,  which  consist  of  replacement  deposits 
in  the  hmestone  bed  rock. 

The  blanket  deposits  may  be  hard  ore  lying  upon  or  within  the 
limestone  bed  rock,  or  may  be  soft  or  wad  ores.  The  deposits  of  wad, 
some  of  which  are  of  large  size,  are  usually  of  low  grade  and  present 
special  problems  in  washing  and  concentration;  as  yet  no  serious 
attempt  has  been  made  toward  their  economic  treatment. 

Washing  and  concentration  methods  are  discussed  herein  in  the 
following  order:  (1)  Description  of  the  practice  in  the  various 
districts  and  (2)  description  of  a  standard  plant  the  design  of  which 
is  based  upon  the  best  practice  in  the  treatment  of  manganese  ore 

in  this  country. 
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Tlie  principal  difficulty  in  treating  the  ore,  or  wash  dirt,  from  the 
irregular  deposits  is  the  uncertain  supply.  Next  in  importance  is 
the  character  of  the  manganase  mineral  and  the  proportion  of  ore 
to  waste,  such  as  clay,  sand,  and  iron.  The  kind  of  ore  best  adapted 
to  washing  and  concentration  is  the  nodular  or  pebble-like  forms 
of  small  size;  next  is  the  granular  form;  both  are  usually  of  conven- 
ient size  for  log  washing  and  subsequent  jig  work.  The  kidney, 
dornick,  and  massive  ores  require  reduction  before  treatment  by 
log  washers  and  on  the  picking  belt,  but  owing  to  the  size  and  purity 
of  many  of  the  masses,  it  is  often  possible  to  make  a  high  recovery 
prior  to  treatment  in  logs  and  jigs. 

On  account  of  the  uncertain  and  variable  conditions  mentioned, 
the  tendency  in  treating  manganese  is  to  reduce  the  equipment  to 
a  minimum,  both  with  regard  to  kind  and  number  of  parts  employed. 
This  is  frequently  done  irrespective  of  the  desirabihty  of  such  limita- 
tion. Imperfect  cleaning  and  excessive  losses  usually  result  from 
the  curtailment  of  equipment.  However,  inadequate  equiment  of 
plants  is  not  always  due  to  the  wish  to  limit  the  fii'st  cost,  but  often 
to  lack  of  definite  knowledge  regarding  proper  methods  of  treating 
manganese  ores,  and  the  following  of  local  practice,  however  poor  it 
may  be.  It  is,  therefore,  important  to  present  details  regarding  a 
standard  plant  that  incorporates  the  most  useful  and  desirable  fea- 
tures of  the  best  practice  in  this  country. 

METHODS    EMPLOYED. 

The  preparation  of  manganese  ores  may  be  divided  into  two 
separate  and  distinct  parts — namely,  dry  mining,  and  washing  or 
concentration. 

DRY  MINING. 

Dry  mining  does  not  refer  to  mining,  except  indirectly,  but  more 
to  the  cleaning  of  the  ore,  or  wash  dirt,  by  screening  it  as  mined. 
Not  all  wash  dirt  is  adapted  to  dry  mining,  as  some  clays  are  wet 
and  sticky,  or  occur  in  large  masses,  rendering  their  separation  from 
the  manganese  mineral  by  screening  practically  impossible.  Dirt 
that  can  be  best  treated  by  dry  mining  is  diy  and  granular,  and  can 
be  easily  broken  and  separated. 

The  di'y-mining  method  is  unsatisfactory  at  best  and  is  scarcely 
ever  employed  in  operations  of  any  size  except  as  a  temporary 
expedient  prior  to  the  erection  of  a  washing  plant.  In  small-scale 
operations  where  the  deposits  are  small,  or  sufficient  funds  to  prop- 
erly equip  the  mine  are  lacking,  such  a  method  may  be  permissible. 
Also,  deposits  distant  from  a  water  supply  may  require  dry  mining 
if  the}^  are  to  be  worked  at  ail.  In  any  event  the  method  is  wasteful, 
the  loss  of  fine  ore  frecjuently  amounting  to  25  to  35  per  cent  of  the 
recoverable  mineral  in  the  bank. 
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On  the  other  hand,  the  high-grade  manganese  occurring  in  solution 
cavities  can  be  mined  nnd  cleaned  by  hand  with  or  without  screening. 
In  such  deposits  the  bulk  of  the  ore  is  of  suitable  size  and  is  easily- 
cleaned;  however,  even  under  the  most  favorable  conditions,  large 
losses  result. 

The  proportion  of  manganese  in  the  wash  dirt  is  the  controlling 
factor  in  dry  mining;  dirt  having  less  than  10  per  cent  mineral  can 
not  be  successfully  separated  by  screening  unless  the  bulk  of  the 
mineral  is  of  large  size. 

WASHING  AND  CONCENTRATION. 

The  principal  considerations  affecting  the  washing  and  concen- 
trating of  manganese  ores  are:  Quantity  of  wash  dirt  available, 
percentage  of  manganese  in  the  dirt,  and  water  supply.  No  plant 
should  be  erected  until  the  available  supply  of  ore  has  been  deter- 
mined within  reasonably  close  limits;  failure  to  test  a  property  prop- 
erly before  erecting  a  plant  shows  lack  of  good  business  judgment. 
Ore  may  occasionally  be  mined  and  hand  picked  under  exceptionally 
favorable  conditions  of  occurrence  even  when  the  proportion  of  ore 
to  clay  is  1  to  50,  or  2  per  cent,  but  mining  must  be  done  on  a  large 
scale  by  machinery  and  the  bulk  of  the  ore  must  be  in  fairly  large 
masses.  Log  washei-s  and  jigs  can  not  readily  treat  materials  that 
are  leaner  than  1  to  35;  the  ratio  of  ore  to  dirt  should  preferably  be 
not  less  than  1  to  10,  or  10  per  cent,  which  is  a  fair  average  for  wash 
dirt  treated. 

The  design  of  a  plant  for  the  proper  treatment  of  any  manganese 
ore  must  be  based  upon  the  following  points:  Character  of  the 
manganese  mineral  and  its  physical  properties  and  occurrence;  the 
associated  minerals,  and  the  inclosing  rock  formations;  and  the 
practice  previously  followed,  if  any.  Of  only  slightly  less  importance 
are  the  local  conditions,  such  as  lay  of  the  ground,  water  supply,  and 
timber  for  construction  and  other  purposes. 

The  character  of  manganese  ore  varies  widely  in  different  parts 
of  the  same  district,  and  even  in  openings  on  one  property.  The 
mineral  may  be  dense  and  hard,  or  porous  and  hard,  or  porous  and 
soft.  The  specific  gravity  also  varies  considerably,  ranging  from  3.5 
to  nearly  5 ;  the  average  for  the  bulk  of  the  mineral  treated  is  between 
3.5  and  4.  The  small  rounded  or  nodular  forms  and  the  small 
granular  pieces  can  be  treated  to  advantage,  but  fine  material  and 
large  masses  require  special  treatment. 

The  principal  minerals  associated  with  manganese,  as  indicated 
in  a  previous  chapter,  are  quartz  and  iron,  mostly  limonite;  barite 
is  of  rare  occurrence,  although  occasionally  found.  As  the  specific 
gravity  of  iron  is  similar  to  that  of  manganese  it  is  practically  im- 
possible to  effect  separation  mechanically;  consequently  it  is  .com- 
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mou  practice  to  hand  pick  the  ore  coming  from  the  finisliing  apparatus 
when  a  product  low  in  iron  is  desired.  As  a  rule,  however,  no  attempt 
is  made  to  separate  the  small  proportion  of  iron  present  in  ores  from 
the  ordinary  manganese  deposit. 

The  specific  gravity  of  quartz  is  about  2.65,  but  that  occmTing  in 
connection  with  manganese  deposits,  particularly  the  sands  resulting 
from  the  decay  of  impure  limestone  and  other  formations,  is  often 
rough  and  porous  and  has  a  specific  gravity  of  1.8  to  2.  It  is  evident, 
then,  that  the  average  specific  gravity  of  manganese  that  must  be 
treated  is  about  twice  that  of  quartz,  the  principal  impurity  that 
must  be  separated.  This  difference  is  ample  to  insure  clean  separa- 
tion. 

PRACTICE   m   CIEANING    MANGANESE    ORE. 

The  work  of  cleaning  manganese  ores  as  practiced  in  the  various 
districts  can  hardly  be  considered  standai"d  except  in  general  out- 
line— that  is,  the  use  of  grizzlies,  log  washers,  screens,  and  picking 
belts,  with  a  growing  tendency  toward  emplo3'ing  jigs.  Rarely  are 
plants  constructed  fully  equipped  with  the  apparatus  that  have 
proven  useful  and  satisfactory  for  treating  manganese  ores;  few 
plants  have  a  full  installation  of  essential  ec|uipment,  while  a  number 
are  operating  with  the  irreducible  minimum  of  equipment,  namely,, 
a  log  washer  and  a  screen,  or  simply  hand  jigs. 

Practice  in  the  treatment  or  cleaning  of  manganese  ore  varies  from 
fan-  to  bad  with  a  wide  range  between,  but  as  a  whole  is  poor.  Plants 
are  modeled  after  others  already  operating,  with  the  assumption, 
apparently,  that  because  a  plant  is  in  operation  it  must  be  doing  good 
work,  which  is  often  far  from  being  true.  However,  the  essential 
principles  of  a  2:>revailing  practice  are  likely  to  be  sound  and  particu- 
larly adapted  to  the  special  conditions  and  needs  of  the  district  and 
are,  therefore,  worthy  of  careful  consideration  and  adoption  in  part 
at  least. 

PRACTICE  AT  A  VIRGINIA  PLANT, 

The  Crimora  mine  is  the  largest  manganese  producer  in  Virginia 
and  until  recently  has  had  the  rejiutation  of  being  the  largest  in  the 
United  States.  The  flow  sheet  given  below  shows  the  method 
employed  in  treating  a  high-grade  but  rather  lean  ore. 

Floic  sheet  of  Crimora  mill,  Virg-inia. 
Wash  dirt  to  1 . 

1.  Grizzly,  4  by  8  feet,  80-pouud  rails,  spaced  7  iuclies,  to  2. 

2.  Revolving  screen,  60  inches  in  diameter  by  12  feet  long,  3^-inch  perforations; 

oversize — clay  to  3,  manganese  to  4;  undersize  to  5. 

3.  Waste  bank. 

4.  Blake  crusher,  1^  inches,  to  6. 

5.  Log  washer,  double,  25  feet  long;  slope  1  inch  to  1  foot;  discharge  to  6;  overflow 

to  7. 
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6.  Revolving  screen,  9  feet  8  inches  long  by  48  iuclies  iu  diameter,  ij-inch  perfora- 

tions; oversize  ])y  elevator  to  S;  undersize  to  9. 

7.  Settling  poml. 

S.  Revolving  screen,  ti  feet  long  by  40  iuclies  iu  diameter,  1-iru  k  and  ll-iuch  per- 
forations; oversize  by  elevator  to  tO;  undersize — from  1-iuch  screen  to  11,  from 
l^-inch.  screen  to  12. 

9.  Revolving  screen,  9  feet  8  inches  long  by  48  inches  iudlamelor.  -^-iucli  perfora- 
tions; oversize  by  elevator  to  IS;  undersize  by  elevator  to  14- 

10.  Picldug  belt,  waste,  24  inches  Avide  by  22  feet  long;  ore  to  15;  waste  to  16. 

11.  Bull  jig  Xo.  1,  two  cells,  3G  by  36  inches;  gate  discharges  to  15;  overflow  to  10. 

12.  Bull  jig  No.  2,  two  cells,  36  by  36  inches;  gate  discharges  to  15;  overflow  to  10. 

13.  Harz  jig,  tliree  celLa,  30  by  40  inches;  gate  discharges  to  17,  hutches  to  17,  over 

flow  to  7. 

14.  Woodbury'  jig,  two  cells;  gate  discharges  to  17;  hutches  by  elevator  to  17;  over- 

flow to  7. 

15.  Picking  belt,  30  inches  by  22  feet  long;  ore  to  17,  waste  to  10. 

16.  Waste  bin  by  cars  to  3. 

17.  Ore  bin,  finished  ore. 

PRACTICE  AT  A  PLlANT  IN  GEORGIA. 

The  flow  sheet  of  the  Aubrey  plant  of  the  Georgia  Iran  &  Coal  Co., 
ghen  below,  represents  the  best  practice  and  most  extensive  operation 
in  the  CartersviDe  district,  Georgia.  The  capacity  of  the  plant  is  50 
tons  of  fuiished  ore  i^er  day  of  10  hours.  There  are  three  lai^e  open 
cuts  that  are  connected  with  railroad  tracks,  so  that  strippings  as 
well  as  wash  dirt  can  be  handled  with  equal  facility.  It  is  possible 
that  certain  parts  of  the  plant  might  have  been  arranged  to  better 
advantage,  vet  taken  as  a  whole  the  design  and   arrangement   are 

fan*. 

Flow  shed  of  the  Georgia  Iron  &  Coal  Co.  plant  at  Anhrey,  Ga. 

Wash  dirt  to  i. 

1.  Grizzly  (foiir  sets),  five  railway  rails,  four  spaces  of  4  inches  each,  length  7  feet 

3  inches;  overfdze — rock  to  2;  manganese  broken  By  sledge  to  3;  undersize  to  3. 

2.  Rock  dump. 

3.  Log  washers  (four  double  logs,  30  feet  longi;  discharge  to  4;  overflow  to  5. 

4.  Screen  (perforated  metal,  openings  1  by  2  inchest;  oversize  to  C;  undersize  to  7. 

5.  Mud  or  settling  pond. 

6.  Picking  belts;  rock  to  2;  manganese  and  attached  rock  to  8. 

7.  Belt  conveyors  to  9. 

S.  Crusher  reducing  to  one-half  inch  to  9. 
9.  Ore  bins  by  elevator  or  lift  to  10. 

10.  RevoUdng  screens  for  jig  feed,  Xos.  3,  4,  and  5;  fcr  jig  Xo.  3,  ^-inch,  |-inch,  and 

J-inch  perforations;  for  jig  Xo.  4,  ^inch,  -J-ineh.  and  f-inch  perforations;  for 
pg  No,  5.  ^-inch.  §-inch,  and  -^-inch  perforations;  products  from  these  screens 
to  17. 

11.  .Tigs  Nos.  3,  4,  and  5  (four  single  cells);  gate  discharges  to  12;  hutches  to  13;  over- 

flow to  14- 

12.  Concentrates  bin  to  17. 

IS.  Plat  screen.  J-inch  perforations,  for  jig  No.  1;  oversize  to  cell  No.  1  of  15;  under- 
size to  cell  No.  2  of  15. 
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14.  Revolving  screen,  for  jig  Xo.  2,  J-inch,  -^incli,  and  ^-inch;  oversize  to  cell  No. 

1,  undersize  to  cells  Nos.  2,  3,  and  4,  No.  2  jig. 

15.  Jig  No.  1  (two  cells);  gate  discharges  to  12;  hutches  to  12;  overflow  to  5. 

16.  Jig  No.  2  (four  cells);  gate  discharges  to  12;  hutches  to  12;  overflow  to  5. 

17.  Hand-picking  table,  where  ore  is  sorted  by  attendants,  who  pick  out  iron  and 

other  impurities.     The  iron  is  sold  as  manganiferoiis  iron  ore. 

PRACTICE  IN  THE  BATESVILLE  DISTRICT,  ARKANSAS. 

There  were  11  washers  built  in  the  Batesville  district,  Arkansas, 
during  1917  and  1918.  Xone  of  these  did  satisfactory  work,  largely 
because  the  builders  and  operators  did  not  appreciate  the  necessity 
of  providing  screens  for  properly  sizing  the  material  treated  on  the 


iss. 


The  practice  in  this  district  is  simple  and  may  be  outlined  as  fol- 
lows: 

Flow  sheet  itsed  in  Batesville  district,  Arkansas. 
Wash  dirt  to  1. 

1.  Grizzly,  size  5  by  6  feet,  10  to  14  railroad  rails  spaced  4  inches;  oversize — waste 

rock  thrown  on  dump,  lump  ore  reduced  to  size  that  will  pa-ss  through  grizzly 
to  2;  undersize  to  2. 

2.  Double  log  washer,  28  feet  long,  slope  1  inch  to  1  foot;  discharge  to  3;  overflow  to  4. 

3.  Revolting  screen,  6  feet  long  by  30  inches  in  diameter,  with  f-inch  perforations; 

oversize  to  5;  undersize  to  6. 

4.  "Waste  bank. 

5.  Picking  belt,  22  feet  long  by  24  inches  wide;  ore  to  7/  waste  to  4- 

6.  Harz  jig  (four  cells) ;  size  of  cells  22  inches  by  42  inches;  gate  discharges  to  7;  hutches 

to  5. 

7.  Finished  ore  bin. 

8.  Ilarz  jig  (two  cells),  size  28  inches  by  36  inches;  gate  discharges  to  7,  hutches  to  7, 

tails  to  4. 

Rarely  are  more  than  two  jigs  employed  in  the  plants  for  washing 
manganese  ores,  and  in  many  plants  only  one  jig  is  used.  Revolving 
screens  or  trommels  are  commonly  used,  but  flat  screens  are  occa- 
sionally employed.  In  either  case  it  is  the  exception  rather  than  the 
rule  to  find  more  than  one  size  of  opening,  which  ranges  from  |  inch 
to  1}  inches.  The  wide  range  in  size  fed  to  the  jigs  from  such  screens 
renders  good  separation  next  to  impossible.  Few  of  the  jig  products 
are  clean,  and  they  require  extensive  hand  picking  to  complete  the 
preparation.  This  hand  sorting  could  be  obviated  by  simply  rerun- 
ning the  hutch  products  of  the  rougher  jigs;  fairly  clean  products 
could  then  be  made  on  the  second  or  cleaner  jigs.  When  only  one 
jig  is  employed,  few  or  none  of  the  jig  i^roducts  is  suitable  for  market. 
Fairly  close  sizing  would  greatly  improve  the  work  done  by  the  jigs 
and  reduce  the  expense  of  preparation  by  eliminating  hand  picking. 

Probably  a  dozen  hand  jigs  have  been  in  use  in  the  district  at 
different  times.  As  with  the  powe^  jigs,  incomplete  separation  of 
waste  was  the  almost  universal  rule,  little  or  no  attention  being 
paid  to  sizing  of  the  feed. 
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PRACTICE  AT  A  MILL  AT  PHILIPSBTJRG,  MONT. 

The  mill  of  the  Philipsbiirg  Mining  Co.  is  one  of  the  largest  in  the 
West,  having  a  capacity  of  75  to  100  tons  per  day.  The  ores  treated 
are  the  oxides  mined  at  Philipsburg,  Mont.  The  flow  sheet  of  the 
mill  follows : 

Flow  sheet  of  Philipsburj  Mining  Co.  nt  Philipsburg,  Mont. 

Wash  dirt  (ore)  to  1. 

1.  Grizzly,  2-inch  spaces;  oversize  to  2,  iindersize  to  3. 

2.  Gyratory  crusher,  Xo.  4,  \\  inches,  to  3. 
S.  Ore  bin  to  .;. 

4.  Revol\-ing  screen,  IJ-mm.  mesh;  oversize  to  .5,  undersize  by  elevator  Xo.  lto6. 

5.  Picking  belt;  clean  ore  to  7,  rejected  by  elevator  Xo.  1  to  6. 

6.  Revolving  screen,  two  sections — first,  |-inch  mesh,  second,  f-inch  mesh;  oversize 

of  first  to  second,  undersize  of  first  to  <9,  oversize  of  second  to  6,  undersize  of 
second  to  9. 

7.  Clean-ore  bin. 

8.  Revolving  screen,  4-mm.  mesh;  oversize  to  10;  undersize  to  11. 

9.  Bull  jig;  concentrates  to  ii?;  overflow  to  i?. 

10.  Middling  jig;  concentrates  to  12;  overflow  to  13. 

11.  Revolving  screen,  1^-mm.  mesh;  oversize  to  14;  undersize  to  15. 

12.  Dorr  classifier;  spigot  to  16;  overflow  to  17. 

13.  Rolls,  J-inch  space,  by  elevator  Xo.  2  to  18. 

14.  Fine  jig;  concentrates  to  12,  overflow  to  13. 

15.  Dewatering  tank;  spigot  to  19,  overflow  to  17. 

16.  Frue  vanner;  concentrates  by  Xo.  3  elevator  to  20,  overflow  to  17. 

17.  Settling  pond. 

IS.  Revolving  screen;  2J-mm.  mesh,  oversize  to  two  coarse  jigs,  undersize  to  11. 

19.  Distributor  to  21. 

20.  Drier  to  22. 

21.  Wilfley  tables;  concentrates  to  16,  tailings  to  23. 

22.  Concentrates  bin. 
25.  Waste  bank. 

DESCRIPTION  OF  A  STANDARD  WASHING  PLANT. 

The  cleaning  of  manganese  ores  by  washing  and  jigging  can  readily 
be  accomplished  and  that,  too,  with  slight  change  in  the  present 
practice.  The  flow  sheet  of  a  plant  properly  arranged  to  do  satis- 
factory work  is  given  below. 

Flow  sheet  of  standard  trashing  plant. 
Wa^hdirttol. 
/.  Grizzly,  2-inch  to  4-inch  6i:)ace3  between  bars;  oversize  rock  to  2;  manganese  by 
sledge  to  3;  undersize  to  3. 

2.  Rock    dump. 

3.  Log  washer,  dou])le  log,  20  to  30  feet  long;  discharge  to  4]  overflow  to  5. 

4.  Revolving  screen,  cylindrical  or  conical,  perforations  or  mesh  J^-inch  and  ^ 

inch;  oversize,  everything  above  J^-inch,  to  6;  undersize,  J^-iiich  to  -j^-inch, 
to  7;  -j^inrh  and  smaller,  to  8. 

5.  Mud  or  settling  pond. 

6.  Picking  belt;  rock  to  2;  manganese  to  9. 
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7.  Rougher  jig,  four  cells;  gate  discliarges  to  5 ;  first  hutch  to  9;  second,  third,  and 

fourth  hutches  to  10. 

8.  Sand  jig,  tliree  cells;  gate  discharges  to  S>;.  hutches  to  9  or  10. 

9.  Finished  ore  bin. 

10.  Cleaner  jig,  three  cells;  gate  discharges  to  9;  hutches  to  9  or  11. 

11.  Shaking  table;  finished  product  to  9;  tailing  to  5. 

A  standard  washing  plant  having  the  above  flow  sheet  may  be 
called  a  single  washer  or  unit,  and  has  a  capacity  of  40  to  50  tons  of 
finished  ore  per  10  honrs.  An  increase  in  capacity  of  such  a  plant, 
aside  from  a  small  increase  gained  through  crowding,  would  mean 
doubling,  trebling,  or  quadrupling  of  most  of  the  equipment  listed, 
with  corresponding  increase  in  the  volume  of  wash  dirt  treated. 

By  single  washer  is  not  meant  a  single  log,  but  a  single  washer 
with  double  logs.  Single  logs  do  good  work,  yet  in  a  plant  as  out- 
lined, a  double  log  should  be  employed. 

The  sizes  of  the  various  apparatus  of  a  standard  plant  are  indicated 
in  the  flow  sheet;  the  sizes  of  screens  and  adjustments  of  the  various 
apparatus  for  proper  operation  are  given  below. 

LOGS. 

The  number  of  revolutions  of  logs  varies  from  12  to  15  per  minute. 
The  amount  of  water  required  varies  widely  with  the  nature  of  the 
bank  dirt,  but  is  usually  50  to  75  gallons  per  minute.  The  capacity 
likewise  varies  with  the  bank  dirt;  average  dirt  should  yield  40  to  50 
tolls  product  per  10  hours.  Roughly,  25  horsepower  is  required 
to   drive  logs. 

SCREENS. 

The  number  of  revolutions  is  15  to  20  per  minute,  being  approxi- 
mately the  same  for  cylindrical  and  conical  screens  36  to  48  inches 
in  diameter.  The  power  required  for  driving  varies  somewhat  with 
feed  and  size  of  material  handled,  but  is  about  one  horsepower.  The 
capacity  of  screens  of  the  sizes  given  ranges  from  45  to  55  tons  per 
10  hours  for  the  smaller,  and  50  to  75  tons  for  the  larger.  For  the 
ordinary  material  treated  the  screen  should  be  not  less  than  60  nor 
more  than  72  inches  long.  If  a  larger  number  of  sizes  is  desired,  it 
might  be  better  to  shorten  the  length  of  the  separate  screening  surface 
than  to  increase  unduly  the  length  of  the  whole  screen. 

PICKING     BELTS. 

The  sizes  of  picking  belts  commonh"  employed,  which  have  proved 
satisfactory  for  the  usual  range  of  work  done,  are:  30  feet  long,  by 
IS  inches  wide  to  50  feet  long  by  30  inches  wide.  The  speed  of  the 
picking  belt  ranges  from  50  to  60  linear  feet  per  minute.  The  capacity 
is  limited  by  the  character  of  the  work;  if  the  material  sorted  is 
largel}^  ore  and  the  waste  rock  is  fairly  coarse,  the  capacity  is  large, 
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similariy  Avhere  the  i)crceuluge  of  ore  is  small  and  the  individual 
{)ieces  arc  lai'ge;  but  where  the  ore  aud  waste  are  about  equal  in 
amount  and  there  is  a  wide  range  in  sizes,  the  capacity  may  be  small. 
Otcasionally  two  picking  belts  are  used,  one  for  coarse,  the  other 
for  the  finer  materials,  ])ut  such  practice  is  neither  necessary  nor 
desirable  in  a  standard  plant. 

JIGS. 

The  following  data  sho\s'  the  proper  adjustment  aud  operation 
of  jigs: 

Data  regarding  size  m^d  operation  of  jig  equipment. 

(Dimensions  in.  inches.) 

Width.  Length. 

Sbje  of  sieve  compartments 20  to  24        30  to  38 

Size  of  plunger  compartments IS  to  22        30  to  38 

Size  of  sieve  openings:  1st  cell.  Snd  cell.    3rd  cell.    4lhccll. 

Rougher  jig i^  i,^  _3_  .^ 

Sand  jig ^  ^  y^  y^ 

Cleaner  jig.... .^  .^  y  y 

Length  of  stroke  of  jigs: 

Pu)ugherjig ly       \y       \y       ly 

Sandjig 11  %  K 

Cleaner  jig 1  l  J-^  J/^ 

Xaml>er  of  strokes  per  minute: 

Rougher  jig 150        150        150        150 

Sandjig 200        200        200        200 

Cleaner  jig 200        200        200        200 

Power  for  4-cell  jig,  2.5  to  3.0  hp. 

Power  for  3-cell  jig,  2.0  to  2.5  hp. 

nydraulic  water  pipes:  ^lain  pipe  2  inches;  branch  pipes  1  inch. 

Amount  of  water  used  by  a  jig,  350  to  400  gallons  per  minute. 

Height  of  tailboard  or  dams,  3}4  to  4^2  inches. 

Slope  of  bed  (sieve)  should  not  exceed  1  inch  to  length  of  bed;  with  heavy  mineral, 
bed  should  be  level.     Slope  should  be  against,  not  with  movement  of  mineral. 

Drop  between  tailboards  or  dams,  1  inch. 

Height  of  gate  discharge  above  bed.  2  to  2}4  inches.     This  must  he  \-aried  to  suit  con- 
ditiona  and  character  of  material  treated. 

Jigs  to  have  full  or  large  capacity  must  he  fed  regularly;  therefore 
jigs  receiving  the  feed  directly  or  indirect!}'  from  logs  usually  do 
unsatisfactory  work  for  the  reason  that  irregular  feeding  does  not 
permit  the  maintenance  of  a  bed  of  uniform  depth.  Further,  the 
feeding  of  materials  which  vary  from  sandy  to  clayey  in  character 
also  renders  it  difficult  to  keep  a  full  bed;  clayey  ores  tend  to  clog 
the  jig  beds  and  are  preferably  cleaned  by  trommels  and  jets  of  water. 

With  a  suitably  arranged  plant,  practically  all  materials  treated 
may  be  handled  by  gravity,  but  in  places  elevators  are  required. 
Elevators,  although  adding  to  the  equipment  and  the  expense  of 
operation,  permit  a  better  arrangement,  in  that  more  of  the  appa- 
ratus may  be  on  the  same  level,   and  therefore  more  accessible. 
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Elevators  are  particularly  useful  for  raising  the  hutch  products 
from  the  rougher  and  sand  jigs  to  the  cleaner  jigs.  Should  it  be 
found  desirable  to  employ  a  shaking  table  in  reworking  the  hutch 
products  from  the  cleaner  jigs,  elevators  should  also  be  employed 
in  handling  them. 

TABLES. 

It  is  doubtful  whether  tables  can  be  used  to  advantage  in  the 

preparation  of  the  usual  run  of  manganese  ore,   as  outlined  and 

discussed.     However,  there  is  a  well-defined  field  for  their  application 

in  treating  certain  ores,  such  as  the  low-grade  blanket  deposits  and 

breccia  ores. 

DRY  CONCENTP-ATION. 

Largely  through  the  lack  of  an  adequate  supply  of  water  a  number 
of  attempts  have  been  made  to  clean  manganese  ores  by  dry  methods. 
Probably  the  most  extensive  and  elaborate  equipment  is  that  of  the 
Southern  Hill  Manganese  Co.  on  the  Southern  Hill  property,  in  the 
Batesville  district,  Arkansas. 

It  is  proposed  to  separate  the  ore  from  the  clay  and  rock  fragments 
by  passing  the  material  as  excavated  through  a  revolving  drum, 
where  it  will  be  thoroughly  dried  and  the  clay  pulverized.  On  being 
discharged  from  the  drum  the  fine  material  will  be  removed  by  a 
revolving  screen,  which  is  a  continuation  of  the  drum.  The  coarse 
manganese  and  waste  will  then  pass  to  a  picking  belt,  where  final 
separation  is  to  be  made.  The  smaller  sizes  of  ore  are  to  be  treated 
on  hand  jigs.  This  plant  has  never  been  operated  on  a  commercial 
scale;  consequently  no  definite  statement  can  be  made  regarding  its 
practicability. 

The  water  supply  for  manganese  washing  and  concentrating 
plants  is  important,  as  many  of  the  workable  properties  are  often 
at  considerable  distance  from  an  available  supply.  Pipe  lines 
3  to  4  inches  in  diameter  are  sufficiently  large  for  a  standard  plant. 
The  conservation  of  water  by  passing  it  through  settlmg  or  impound- 
ing ponds  usually  solves  the  problem  of  water  supply  where  the 
quantity  of  fresh  water  is  limited.  Once  a  plant  has  been  put  in 
operation  the  addition  of  25  per  cent  of  the  total  consumption  not 
only  provides  for  the  loss  due  to  wastage,  but  furnishes  the  rec[uired 
amount  of  fresh  water  for  those  steps  of  the  process  requiring  clean 
water. 

GENERAL    SUMMARY    OF    CONDITIONS    AFFECTING 
CONCENTRATION. 

On  account  of  the  irregularity  of  manganese  deposits  and  the 
uncertainty  of  an  adequate  supply  of  ore,  great  care  should  be  exer- 
cised in  connection  with  the  various  operations,  particularly  with 
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respect  to  prospecting  and  mining.     Similarly,  preparatory  to  the 
erection  of  a  washing  or  concentrating  plant,  the  factors  that  have 
to  do  with  the  success  of  the  work  must  bo  carefully  considered. 
The  principal  considerations  affecting  the  cleaning  of  ores  are: 

1.  The  character  and  grade  of  ore. 

2.  The  recoverable  percentage  of  mineral. 

3.  Relative  value  of  crude  to  cleaned  ore. 

4.  Basis  upon  which  royalty  is  paid,  whether  crude  ore  or  the 
cleaned  product. 

Aside  from  the  clay  and  other  materials  more  or  less  intimately 
mixed  with  manganese  considerable  silica  is  associated  with  the 
ores.  The  silica  may  be  "free"  or  "attached."  The  free  silica  can 
be  readily  removed  by  washing,  but  the  attached  silica,  being 
embedded  in  the  ore  or  attached  to  it  can  be  separated,  if  at  all, 
with  difficulty. 

High-grade  ores,  particularly  when  occurring  in  large  masses,  and 
soft  ore,  as  pjTolusite,  should  receive  the  minimum  preparation 
consistent  with  proper  cleaning.  Low-grade  ores  usually  require 
much  more  careful  treatment  than  the  high-grade  ores,  and  the 
work  and  expense  of  concentration  depend  largely  upon  the  impuri- 
ties present.  Free  silica  is  not  difficult  to  separate  from  the  man- 
ganese. Soft  ore,  or  wad,  although  of  liigh  grade,  is  difficult  to 
clean  without  great  loss  from  fines,  particularly  when  much  fine 
sand  is  mixed  with  the  clays  and  ore. 

The  recoverable  percentage  of  mineral  in  the  wash  dirt  depends 
largely  upon  the  character  of  the  mineral.  Certam  clays  are  readily 
broken  and  separated  from  the  manganese,  whereas  others  become 
pasty  w^hen  washed,  adhering  tenaciously  to  the  particles  of  mineral. 
As  a  rule,  the  larger  the  pieces  of  ore  and  the  higher  the  grade  the 
more  readily  is  separation  from  the  waste  effected,  owing  probably 
to  the  smoother  surfaces.  Nodular  ore  of  small  and  fairly  uniform 
size  is  readily  washed  and  jigged,  but  fragments  from  large  masses 
and  rough  particles  resulting  from  decay  of  limestone  and  possible 
partial  solution  of  manganese  are  very  difficult  to  clean  satisfactorily. 

The  relative  value  of  crude  ore  as  compared  with  that  of  cleaned 
ore  may  be  the  deciding  factor  in  determining  whether  a  concentrat- 
ing plant  should  be  erected.  During  the  past  year  considerable 
quantity  of  low-grade  ores  was  shipped  at  a  low  price,  simply  because 
there  was  a  market  for  it.  The  question  is  whether  such  ores  could 
not  have  been  raised  in  grade  by  concentration,  so  as  to  have  brought 
a  price  that  would  have  warranted  the  erection  of  a  suitable  plant. 
However,  uncertainty  as  to  extent  of  the  deposits  and  the  length  of 
time  the  prevailing  schedule  of  prices  would  be  maintained  did  not 
foster  experiments  of  this  sort. 
137338°— 20 5 
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The  grade  of  ore  upon  which  royalties  are  assessed  has  been  the 
cause  of  considerable  trouble  in  different  districts,  but  in  most  of 
the  districts  during  the  past  year  royalties  were  paid  on  all  ores 
coming  within  the  schedule  unless  othervs-ise  specified.  In  the 
future  high-grade  ores  will  alone  be  subject  to  royalty  charges. 

In  future  careful  mining  in  well-proved  deposits  of  high-grade 
ore  will  be  necessary  in  the  various  manganese  districts.  The  ores 
mined  will,  in  turn,  require  either  close  hand-picking  or  concentra- 
tion in  well-designed  plants  in  order  to  produce  a  high-grade  ore, 
low  in  silica  and  phosphorus.  With  a  dependable  output  of  such 
ore,  it  should  be  possible  to  continue  operation  in  the  face  of  foreign 
competition  wherever  freight  rates  to  consuming  furnaces  are  rea- 
sonably favorable. 


CHAPTER    5.— LEACHING    OF    ^LVNGANESE    ORES    WITH 
SULPHUR  DIOXIDE. 


By  C.  E.  VAN  Barxeveld. 


INTRODUCTORY   STATEMENT. 

Early  in  1918  the  Bureau  of  Mines,  through  its  mining  experiment 
station  at  Tucson,  Ariz.,  began  an  investigation  of  possible  methods 
of  recovering  manganese  from  the  numerous  deposits  of  low-grade, 
siliceous,  secondary  manganese  ores  that  are  scattered  throughout 
Arizona,  New  Mexico,  and  Utah.  The  aggregate  quantity  of  such 
ore  is  large,  but  as  a  rule  these  ores  are  not  amenable  to  ordinary 
methods  of  concentration,  and  the  proportion  of  ore  that  can  be  brought 
to  sliipping  grade  by  sorting  and  screening  is  usually  small.  Much  of 
this  ore  is  found  in  localities  tributary  to  the  copper-smelting  dis- 
tricts where  waste  sulphurous  roaster  gases  are  available.  The 
possibility  of  using  sulphur  dioxide  as  a  leaching  agent  for  manganese 
had  long  been  recognized,  and  it  was  thought  that  a  process  developed 
at  the  Tucson  station  for  leaching  certain  copper  ores  with  hot  sul- 
phurous fumes  might  be  successfully  applied  to  this  type  of  manga- 
niferous  material.  In  May,  1918,  some  leaching  tests  were  made  at 
this  station  on  manganese  ores  from  the  Patagonia  district  in  Arizona. 
The  results  were  sufficiently  encouraging  to  lead  to  an  extensive 
program  of  research  into  the  possibility  of  developing  an  SOo-leaching 
process  which  would  produce  a  high-grade  sinter  containing  over  60 
per  cent  metallic  manganese  in  the  form  of  oxides,  free  from  silica 
and  phosphorus.  The  investigation  had  not  been  completed  when 
the  economic  situation  as  regards  manganese  was  entirely  changed 
by  the  armistice  and  further  experimentation  was  abandoned.  How- 
ever, sufficient  work  had  been  done  to  warrant  certain  conclusions. 
As  these  may  have  a  scientific  interest  and  a  bearing  upon  other 
chemical  and  metallurgical  operations,  the  following  brief  report  is 
presented. 

The  work  was  undertaken  with  due  recognition  of  certain  facts: 

1.  That  prompt  action  was  essential. 

2.  That  the  process  would  probably  have  to  be  applied  at  smelting 
centers  where  sulphurous  fumes  were  available  as  waste  products, 
and  that  the  cost  of  transportation  of  ores  to  the  smelter  would  be 
a  limiting  factor  in  its  application. 
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3.  That  a  plant  of  250-ton  capacity  would  be  the  desirable  unit 
and  that  in  all  probability  two  such  units  would  be  the  maximum 
installation  for  any  one  smelter. 

4.  That  from  4  to  6  months  would  be  required  for  construction 
and  that  the  cost  of  the  plant  would  have  to  be  written  off  over  an 
operating  period  of  12  or  even  6  months. 

5.  That  the  cooperation  of  the  copper-smelting  companies  in 
Arizona  and  Utah  and  of  the  large  consumers  of  manganese  would 
be  necessary  in  order  to  arrange  for  prompt  plant  construction;  also 
that  it  might  be  possible  and  necessary  to  use  public  funds. 

The  investigation  was  carried  through  the  laboratory  stage  on  a 
sufficiently  large  scale  to  warrant  as  a  wartime  measure  the  construc- 
tion on  the  results  obtained  of  a  commercial  unit.  On  October  1  nego- 
tiations were  under  way  for  the  erection  of  a  2o0-ton  unit  at  one  of  the 
copper  smelters,  in  cooperation  with  a  large  producer  of  lead-zinc-silver- 
iron-manganese  ore  in  which  only  the  fluxing  value  of  the  manganese 
was  being  realized.  While  this  negotiation  was  in  progi'ess  the  rapid 
improvement  in  the  military  situation  so  changed  the  outlook  that 
the  undertaking  was  abandoned  before  final  plans  were  drawn. 

RESULTS    OF    TESTS. 

The  tests  made  included  ores  from  the  Clifton,  Bisbee,  and  Pata- 
gonia districts  in  Arizona;  also  representative  ores  from  New  Mexico, 
Utah,  Nevada,  and  California.  The  results  of  the  tests  are  presented 
in  Table  10  following: 


RESULTS   OF   TESTS. 
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OBSERVATIONS    ON    RESULTS    OF    TESTS. 

The  following  observations,  based  entirely  on  work  done  with  dilute 
hot  sulphurous  gases  (under  6  per  cent  SO2)  used  countercurrent  to 
the  flow  of  the  pulp,  are  presented: 

THE  ORE. 

The  general  run  of  western  ores  may  be  described  as  impure 
psilomelane  resulting  from  alteration  of  silicate  or  carbonate.  The 
impurities  may  include  numerous  substances  such  as  lime,  silica 
(which  may  or  may  not  be  combined) ,  and  iron  in  the  form  of  hmonite 
or  siderite. 

Such  an  ore  is  readily  leached  with  SO2  and  need  rarel}'  be  crushed 
finer  than  20  mesh  to  insure  a  good  extraction. 

THE  PULP. 

The  pulp  should  be  broken  into  a  fine  spray  to  insure  contact 
between  the  mineral  particles  and  the  reagent.  A  leaching  drum 
was  designed  at  this  station  for  the  lixiviation  of  nonsulphide  copper 
ores  which  gives  the  necessary  agitation  and  contact. 

A  patent  (U.  S.  patent  No.  243015)  was  applied  for  and  was  granted 
on  November  8,  1918. 

Briefly,  this  apparatus  comprises  a  drum  set  horizontally,  to  rotate 
slowly.  The  interior  is  divided  into  compartments  by  a  series  of 
transverse  partitions,  each  compartment  having  longitudinal  baffles 
and  peripheral  lifters.  The  transverse  partitions  are  perforated  so 
that  the  pulp  may  pass  through  the  successive  compartments  to  the 
end  or  discharge  compartment.  The  pulp  is  fed  into  the  first  com- 
partment and  drops  to  the  bottom  of  the  compartment;  as  the  drum 
rotates  the  peripheral  lifts  raise  the  pulp  until  it  is  spilled  onto  the 
horizontal  staggered  baffles  below  in  such  manner  that  the  pulp  is 
splashed  and  distributed  over  the  surfaces  of  the  bars  and  against 
the  transverse  partitions  in  fine  descending  drops  and  particles, 
thereby  insuring  intimate  and  prolonged  contact  between  the  ore 
particles  and  the  countercurrent  sulphurous  and  oxidizing  gases. 
With  a  constant  feed  a  flow  is  established  within  the  drum,  so  that 
the  pulp  is  gradually  passed  through  the  successive  compartments 
into  the  last  or  discharging  compartment,  the  lifters  of  which  raise 
the  pulp  and  drop  it  into  a  discharge  or  exit  pipe  whereby  it  is  con- 
ducted through  a  trap  opening  into  a  discharge  launder. 

The  pulp  enters  one  end  of  the  drum  cold,  and  the  SOg-charged  air 
or  gas  enters  the  opposite  end  hot.  The  countercurrent  flow  devel- 
oped results  in  the  pulp  becoming  progressively  warmer  and  the  gas 
becoming  correspondingly  cooler,  until  the  pulp  at  the  discharge  end 
is  heated  to  any  desired  temperature.     When  SO2  is  introduced  as  a 
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hot  dilute  gas  containing  less  than  6  per  cent  SOj  by  volume  (the 
balance  of  the  gas  being  largely  au",  which  has  lost  part  of  its  oxygen 
and  which  may  contain  the  various  impurities  commonly  found  in 
roaster  gases)  and  is  projected  into  a  fine  spray  of  hot  pulp  or  solution, 
absorption  of  SO2  is  practically  negligible  and  the  hot  pulp  or  solution 
will  contain  practically  no  free  SOg  and  will  discharge  from  the  driun 
in  a  practically  neutral  condition, 

SOLUBILITY  OF  THE  MANGANESE  MINERALS. 

The  various  higher  manganese  oxides,  especially  pyrolusite, 
psilomelane,  and  wad,  were  found  to  be  readily  soluble  in  the  hot 
sulphurous  acid  formed  by  introducing  hot  air  or  furnace  gas  con- 
taining 2  to  6  per  cent  SOg  (by  volume)  countercurrent  to  a  pulp  flow 
having  a  consistency  of  2  of  water  to  1  of  ore  crushed  to  20  mesh. 
Manganite  and  braunite  are  not  commercially  soluble. 

Silicates  of  manganese  are  insoluble  in  sulphurous  acid  at  atmos- 
pheric pressure  and  only  slightly  soluble  under  pressure. 

Carbonates  of  manganese  may,  from  an  operating  standpoint,  be 
considered  insoluble.  The  reagent  slowly  attacks  and  decomposes 
the  carbonate,  but  some  of  the  dissolved  manganese  at  once  repre- 
cipitates  as  a  sulphite;  this  precipitate  coats  the  remaining  undis- 
solved carbonate  and  effectually  prevents  further  dissolution. 

IRON. 

The  effect  of  SO2  on  iron  minerals  differs  markedly  from  its  effect 
on  manganese  minerals.  Iron  in  the  oxide  form,  such  as  magnetite, 
hematite,  and  limonite,  is  practically  insoluble  in  SO,.  Metallic  iron 
and  iron  in  the  form  of  carbonate  (siderite)  is  readily  soluble.  This 
iron  will  be  in  solution  as  a  ferrous  sulphite  or  sulphate;  it  will, 
however,  precipitate  as  a  basic  ferric  compound  in  the  presence  of 
either  CaCOg  and  oxygen  or  ZnCOg  and  oxygen;  it  will  also  be 
similarly  precipitated  from  solution  so  long  as  there  is  undissolved 


MnOa  in  the  ore  charge. 


PHOSPHORUS. 


In  some  forms  phosphorous  dissolves  readily  in  SOj.  No  large 
scale  tests  in  the  drum  were  made  on  high  phosphorus  ores.  Lab- 
oratory tests,  however,  indicate  that  by  the  use  of  tandem  drums 
phosphorus  may  be  eliminated  in  the  following  manner:  The  phos- 
phorus will  not  be  dissolved  in  the  first  drum  (the  discharge  from 
which  still  contains  much  undissolved  manganese  and  other  bases). 
Whatever  dissolved  phosphorus  is  discharged  from  the  second  drum 
will  return  to  the  ball  miU.  The  addition  of  large  quantities  of 
fresh  ore  v/ill  at  once  neutralize  these  solutions,  and  the  phosphorus 
will  thereupon  precipitate.  If  sufficient  soluble  iron  and  phos- 
phorus are  present  to  cause  the  building  up  of  these  elements  by  reso- 
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lution  in  the  drum  after  precipitation  in  the  ball  mill,  then  the  filtrate 

from  the  second  drum  may  be  passed  over  any  available  carbonates, 

such  as  CaCOj,  prior  to  being  returned  to  the  ball  mill.     The  iron  and 

phosphorus  in  solution  would  then  be  precipitated  and  eliminated 

from  the  circuit. 

LIME. 

In  the  presence  of  an  appreciable  amount  of  MnOj  the  concentra- 
tion of  free  SOg  is  insufficient  to  decompose  CaCOj,  As  dissolution 
of  MnOg  progresses,  some  CaCOg  will  be  dissolved  and  precipitated  as 
CaSO^  (insoluble).  The  catalytic  action  of  the  iron  and  manganese 
oxides  will  convert  a  small  proportion  of  the  entering  SO2  to  SO3 ;  the 
resulting  sulphuric  acid  will  convert  CaCOg  to  CaSO^.  Some  of  the 
CaCOg  particles  become  coated  with  gypsum  and  are  not  further 
acted  upon  by  the  acids  in  the  drum. 

ZINC  AND  COPPER. 

Zinc  and  copper  in  nonsulphide  form  are  readily  dissolved  by  SOj, 
but  sulphides  of  these  metals  are  not  attacked. 

TREATMENT  OF  THE  PREGNANT  SOLUTION. 

The  discharge  from  the  drum  will  consist  of  a  pulp  containing  in 
solution  as  sulphates  the  manganese,  zinc,  copper,  and  perhaps  some 
iron;  as  soUds  the  gangue,  the  sulphides,  the  other  insoluble  minerals, 
and  any  dissolved  lime  reprecipitated  as  CaSO^. 

The  pregnant  solution  may  be  separated  from  the  solids  by  filtra- 
tion and  washing  in  pressure  filters. 

Any  copper  present  in  the  filtrate  may  be  recovered  by  precipitation 
on  iron. 

The  manganese-zinc  content  is  removed  together,  either  by  crys- 
tallization, in  large-scale  permanent  installations,  where  the  lowest 
operating  costs  are  to  be  sought,  or  by  evaporation  in  pans  with 
artificial  heat  in  smaller  or  in  temporary  installations,  where  minimum 
installation  expense  would  regulate  the  choice. 

The  resulting  sulphate  is  roasted  for  two  hours,  more  or  less,  in  a 
rotary  type  of  chnker  furnace  at  a  temperature  ranging  from  825°  to 

1,000"^^  C. 

The  product  from  the  roaster  is  a  hard,  compact  clinlcer  which  in 
the  zinc-free  ores  wiU  run  from  60  to  64  per  cent  manganese.  Any 
remaining  manganese  suljjhate  may  be  removed  by  water  leaching; 
this  leaching  does  not  seem  to  cause  the  cake  to  crumble.  The  waste 
heat  from  this  operation  is  used  to  heat  the  cast-iron  evaporation 
pans.     The  SOj  gas  may  be  used  over  again  as  a  solvent  if  desired. 

The  manganese  sulphate  commences  to  decompose  around  700*^ 
C.  and  should  break  up  completely  at  830°  C.  It  was  found  that  in 
order  to  effect  complete  decomposition  of  the  sulphate  with  reason- 
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able  quickness  (say  in  30  minutes)  the  roast  should  be  preformed  at 
considerably  higher  temperature — around  950°  C.  Plenty  of  oxygen 
is  necessary.  In  a  reducing  atmosphere  some  manganese  sulphide 
will  ])e  formed;  once  formed,  this  can  only  be  broken  up  by  first 
reoxidizing  to  the  sulphate. 

CONDITIONS  ESSENTIAL  IN  COMMERCIAL  PRACTICE. 

Three  essential  conditions  must  be  complied  with  in  commercial 
operations. 

(a)  In  order  that  dissolution  may  be  effected  rapidly  a  reasonable 
strength  of  gas  is  required — not  less  than  2  per  cent  and  up  to  6  per 
cent  of  SO2 — the  balance  of  the  gas  being  heated  furnace  products. 

(b)  Heat  aids  dissolution.  It  is  desirable  to  have  an  admission 
temperature  of  gas  which  will  give  the  discharging  solutions  a  tem- 
perature of  40°  C.  minimum  to  60°  C.  maximum. 

(c)  The  time  of  contact  is  regulated  by  the  rate  of  flow  of  pulp 
through  the  drum.  The  efficiency  of  extraction  is  directly  propor- 
tionate to  the  pulp  surface  exposed  to  the  gas.  This  in  turn  depends 
upon  proper  agitation  and  breaking  up  of  the  pulp  into  a  very  fine 
spray  which  must  be  so  directed  countercurrent  to  the  gas  that  no 
particle  of  mineral  can  escape  contact  with  the  reagent.  This  can 
be  satisfactorily  accomplished  in  15  to  30  minutes  in  the  drum 
described. 

LEACHING  IN  TWO  STAGES. 

Manganese  sulphate  solutions  are  near  the  point  of  saturation 
when  they  contain  11  per  cent  manganese  (specific  gravity  1.5).  As 
the  solution  approaches  the  point  of  saturation  the  rate  of  dissolu- 
tion decreases  markedly.  On  the  other  hand,  maximum  concentra- 
tion of  solutions  minimizes  the  expense  of  subsequent  evaporation 
to  dryness,  which  is  the  next  step  in  the  process.  Therefore,  leach- 
ing should  be  performed  in  two  stages  in  two  tandem  drums  as  indi- 
cated on  the  flow  sheet  shown  in  figure  1. 

Wet  crushing  in  baU  miUs  is  advised  in  cu-cuit  with  drag  classifiers, 
the  filtrate  from  the  second  drum  discharge  being  used  to  pulp  the  ore. 

The  discharge  from  the  first  drum  wiU  be  a  practically  neutral 
j)uJp  made  up  of  partly  leached  ore,  which  will  still  contain  consid- 
erable undissolved  manganese,  and  a  solution  contaming  MnS04 
near  the  point  of  saturation,  and  also  ZnS04  and  CuSO^  if  non- 
sulphide  zinc  and  copper  are  present  in  the  ore.  This  solution  will 
not  contain  iron.  This  pulp  is  then  filtered  on  a  jjressure  type  of 
filter  and  the  various  products  are  disposed  of  as  follows: 

(a)  The  filtrate  is  treated  for  recovery  of  valuable  metaJs  as  pre- 
viously described. 

(b)  The  filter  cake  and  wash  water  are  repuli)ed  in  a  puli)ing  tank, 
together  with  the  wash  water  from  the  second  drum  filtration,  to 
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form  the  feed  for  the  second  drum,  where  the  remaining  SOg-soluhle 
minerals,  including  perhaps  some  iron,  are  dissolved. 

The  discharge  from  the  second  drum  is  filtered  and  the  various 
products  aj'e  disposed  of  as  follows: 

(a)  The  residue  or  filter  cake  goes  to  waste,  or  to  a  bric^uetting 
plant  in  case  the  lead-silver  or  copper-silver  or  other  values  warrant 
further  treatment  such  as  smelting. 


Ore 


250-ton  ball  millj 
crushing  in  circuit 
wilh  drag  classifier. 


One  leaching  dram,  14  feet  in  diameter  by 
48  feet  long,  to  complete  the  leaching. 


rulp  discharge,  including  solution  carry- 
ing 3  to  6  per  cent  Mn. 


Pressure  filter. 


Two  leaching  drums,  14  feet  in  diameter  by 
48  feet  long,  each  taking  one-half  of  ball- 
mill  product  and  dissolving  60  to  70  per 
cent  of  the  SO^soluble  minerals. 


Pulp  discharf;e,  including  nearly  saturated 
solution  of  Mn  and  other  SOj-soluble 
minerals  as  sulphates. 


Pressure  filter. 


Filtrate  con- 
taining 3  to 
6  per  cent 
Mn  to  ball 
mill. 


I  I 

Filter  cake.    Wash  water. 


Filter  cake  and 
wash  water. 


Pulp  tank  for 
drumB 


If  valuable,  to 
briquetting 
tank. 


If  worthless,  to 
waste. 


MnSO  in  solution 
to  ball  mill. 


Filtrate. 

Kvaporation  pans. 
Dried  Mn  SO4. 

Rotary  kiln  washer. 


Resulting  sinter  to 
water  leaching,  if 
necessary  to  remove 
undecomposed 
MnSOi. 

!_ 

I 


Shipping 
pro  duct, 
MnOoand 
MnsO*. 


FiGUKE  1.— Flow  sheet  of  proposed  plant  for  SO2  leaching  of  manganese  ores. 

(b)  The  filtrate,  which  may  contain  up  to  5  or  6  per  cent  man- 
ganese, goes  to  the  ball  mill  to  pulp  the  original  ore  for  the  first 
drum, 

(c)  The  washwater  from  filtration  goes  to  the  pulping  tank  in 
which  the  filtercake  from  the  first  filtration  is  pulped  prior  to  being 
fed  into  the  second  drum. 

The  crushing,  leaching,  filtration,  and  washing  are  thus  carried  on 
in  a  circuit.  Any  iron  dissolved  in  the  second  drum  is  returned  to 
the  ball  mill  and  is  there  immediately  precipitated. 
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FILTERS. 

A  pulp  made  of  20-mesh  ore  and  a  saturated,  slim^^  MnSOi  solu- 
tion presents  an  interesting  filtration  i)roblem.  .  Tests  on  a  semi- 
commercial  scale  proved  that  the  vacuum  ty])e  of  filter  could  be 
used  only  by  the  addition  of  filter  cells  and  by  dilution  of  the  MnSO^ 
solution  considerablv  ])elo\v  the  saturation  point.  In  a  series  of 
tests  made  under  the  direction  of  A.  W.  Pludson,  of  the  Phelps 
Dodge  Corporation,  on  manganiferous  silver  ore  from  Tombstone, 
Ariz.,  vacuum  filters  proved  inadec|uate.  The  addition  of  filter  cells 
partly  nullified  the  concentration  of  silver  values  obtained  by  extrac- 
tion of  the  manganese.  The  dilution  of  the  pregnant  liciuid  appre- 
ciably below  the  point  of  saturation  increased  the  cost  of  subsequent 
evaporation  of  MnSO^. 

A  test  made  on  a  pressure  type  of  filter  gave  the  following  results: 

The  c|uantity  of  pulp  passed  through  the  filter  contained  3,200  pounds 

of  solid  matter  and  yielded  4,000  pounds  of  cake  containing  20  per 

cent  water.     The  fiilter  yielded  6.6  pounds  of  filter  cake  (20  per  cent 

water)  per  square  foot  per  hour.     On  this  basis  a  plant  to  treat  250 

tons  of  dry  ore  would  yield  312.5  tons  of  filter  cake  (20  per  cent 

water)  and  would  require  (312.5  X  2,000) -^  (6.6x24)  =3,946  square 

feet  of  filtering  surface. 

CORROSION. 

Corrosion  of  metal  in  contact  with  the  solution  was  found  by  ex- 
periment to  be  due  entirely  to  the  action  of  ferrous  sulphate  and 
liberated  sulphm-ic  acid.  Leaching  in  two  stages  presents  a  simple 
solution  of  this  difficulty.  As  sulphur  dioxide  has  a  marked  affinity 
for  manganese,  conditions  in  the  first  drum  may  be  so  regulated  as 
to  avoid  the  dissolution  of  any  iron,  and  the  resulting  pregnant 
liquid  will  not  corrode  the  evaporation  pans.  The  solution  from  the 
second  drum  may  be  neutralized  and  the  dissolved  iron  may  be  pre- 
cipitated over  carbonates  prior  to  the  return  of  this  solution  into  the 
crushing  end  of  the  circuit,  or  this  may  be  done  in  the  ball  mill. 

SULPHUR  DIOXIDE. 

Sulphur  dioxide  for  leaching  purposes  may  be  obtained  (a)  by 
burning  flower  sulphur  in  sulphur  burners;  (b)  by  roastmg  high-grade 
iron  pyrites  containing  sufficient  copper  or  silver  to  give  the  calcines 
a  market  value;  (c)  as  a  waste  product  from  roasting  furnaces  at  a 
copper  smelting  plant. 

AjDproximately  three-fourths  of  a  unit  of  sulphm*  is  required  on 
an  average  for  each  unit  of  manganese,  iron,  zinc,  and  lime  dissolved. 
Most  of  the  sulphur  dioxide  consumed  in  leaching  is  recovered  in 
the  final  roasting  of  the  sulphate  and  can  be  reused.  Sulphur  in 
combination  with  lime  is  lost.  In  view  of  the  plant  requirement, 
the  relatively  small  size  of  the  average  western  manganese  deposit. 
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and  the  uncertainty  of  the  manganese  market  over  a  period  of  years, 
it  "vrould  seem  that  with  sulphur  dioxide  reduction  of  straight  man- 
ganese ores  must  be  confined  to  favorably  situated  co2:)23er  smelting 
plants  where  sulphur  dioxide  of  the  proper  strength  is  available  as 
a  waste  product. 

COMPLEX  ORES. 

The  foregoing  observations  relate  largely  to  ores  in  which  man- 
ganese is  the  principal  constituent.  Some  study  was  also  given  to 
the  more  complex  manganiferous  ores,  such  as  silver  ores,  lead-silver 
ores,  copper-silver  ores,  and  zinc  ores,  containing  sufficient  man- 
ganese and  occurring  in  sufficiently  large  quantities  to  warrant  their 
consideration  as  a  possible  emergency  source  of  manganese.  Much 
laboratory  work  was  done  in  an  attempt  to  determine  the  relative 
solubility  in  sulphur  dioxide  of  the  various  minerals  that  may  be 
present  in  a  complex  ore,  in  the  hope  that  some  selective  action 
might  be  discovered  which  would  effect  a  separation  between  man- 
ganese and  zmc.  However,  it  was  impossible  to  reproduce  or  to 
maintain  in  the  drum  the  conditions  that  in  the  laboratory  might 
produce  certain  preferential  action  on  oxides  over  carbonates.  Under 
operating  conditions  a  large  excess  of  acid  is  always  present  in  some 
jDart  of  the  drum;  and  the  result  is  that  the  various  SOj  soluble  man- 
ganese, zinc,  and  copper  minerals  are  attacked  practically  simul- 
taneously. If  anything,  zinc  minerals  (with  the  exception  of  crystal- 
Ime  zincite)  will  be  dissolved  fastest;  the  higher  manganese  oxides 
are  next  in  the  scale  and  the  copper  minerals  last. 

As  the  three  minerals  soluble  in  SOg,  copper,  zinc,  and  manganese,  are 
recovered  together  as  sulphates  in  the  filtrate,  their  se])arate  recovery 
from  sulphate  solution  was  investigated.  Copper  offers  no  difficulty; 
it  may  be  recovered  by  passing  the  solution  over  ii-on.  In  order  to 
retain  the  manganese  in  solution  during  the  precipitation  of  the 
copper,  the  specific  gravity  of  the  pregnant  solutions  in  treating 
copper-bearing  ores,  must  be  lessened.  The  copper  in  solution  will 
be  replaced  with  iron  which  wiU,  of  com'se,  result  in  a  slightly  lower 
manganese  content  in  the  sinter.  Some  preliminary  work  was  done 
on  the  separation  of  zinc  and  manganese,  which  may  be  briefly  sum- 
marized as  foUows: 

(a)  A  straight  oxidizing  roast  around  1,050°  C.  converts  the  sul- 
phates to  oxides.  If  these  oxides  are  mixed  with  powdered  coal  and 
are  then  heated  in  a  retort  to  1,500°  C,  the  zinc  volatilizes  with  a 
recovery  of  80  per  cent  of  condensed  metallic  zinc. 

(6)  A  60  per  cent  zinc  recovery  as  oxide  is  possible  by  subjectmg 
the  sulphates  to  a  straight  oxidizing  roast  until  converted  to  oxides 
and  then  adding  coal  or  other  reducing  agent  and  contmuing  the 
roast  in  the  presence  of  air  at  1,350°  C. 
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(c)  A  cliloridizing  roast  will  cause  the  zinc  to  volatilize  as  chloride. 
If  sodium  chloride  is  used  the  soda  fuses  with  the  mass,  thus  prevent- 
ing complete  cliloridization.  If  calcium  chloride  is  used  there  is  no 
fusion.  The  lime  is  converted  to  sulphate  (insoluble  in  SOj),  part  of 
the  manganese  becomes  oxidized  and  part  remains  as  sulphate. 
The  latter  is  water-soluble  and  the  oxidized  manganese  can  be  ex- 
tracted by  redissolving  it  with  SOg,  an  operation  which  calls  for  too 
much  manii)ulation  and  expense  to  be  commercially  practicable 
except  under  very  favorable  conditions. 

((?)  Electrolysis  does  not  seem  practicable.  The  zinc  goes  to  the 
cathode  and  the  manganese  to  the  anode.  The  H2SO4  set  free  at 
both  poles  attacks  the  zinc.  Apart  from  this,  there  are  the  troubles 
engendered  by  foul  solutions. 

This  investigation  is  incomplete  and  should  receive  further  atten- 
tion. 

COSTS. 

GENERAL  ESTIMATE. 

The  cost  of  a  2o0-ton  unit  erected  at  the  Salt  Lake  smelters  or  at 
the  Douglas,  Arizona  smelter,  would  in  normal  times  be  roughly 
SI 00,000.  A  500-ton  miit  should  not  cost  to  exceed  $150,000.  Under 
present  (1918)  conditions  a  250-ton  unit  would  cost  perhaps  as  much 
as  $200,000.  The  operating  cost  would  be  $12  to  $14  per  ton  of  ship- 
ping product  based  on  an  80  per  cent  recovery  of  manganese  from  an 
ore  which  has  a  manganese  content  of  20  per  cent.  This  includes 
crushing,  leaching,  and  filtering  4  tons  of  ore;  drying  the  filtrate 
and  roasting  the  dried  manganese  sulphate.  The  resulting  shipping 
product  would  be  a  sinter,  free  from  silica,  alumina,  and  phosphorus, 
which  in  the  ores  free  from  nonsulphide  zinc  or  copper  would  contain 
60  to  64  per  cent  manganese  as  oxides. 

The  cost  of  SO2  treatment  per  ton  of  ore  at  a  smelter  where  waste 
SO2  gases  are  available  should  fall  well  within  the  estimated  cost  of 
$3.50  indicated  in  the  following  table. 

Estimate  cost  of  treating  one  ton  of  manganese  ore. 

Crushing  in  gyratory  and  ball  mill $0. 40 

Disposal  of  tailings 10 

Operation  of  drums  and  filtration  plants 15 

Evaporation  of  MnS04  and  roasting  (heat,  labor,  and  supplies) « 1.  50 

Incidental  handling 25 

Power 30 

Water 10 

General  overhead 20 

Charge  for  SO2 50 

3.50 

o  This  item  is  high. 
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CALCULATED  ESTIMATES  FOB,  TYPICAL  OKES. 

The  following  estimates  cover  typical  examples  in  Utah  and 
Arizona.  A  railroad  freight  rate  of  $12  per  long  ton  on  shipment  of 
sinter  to  eastern  points  has  been  assumed. 

EXAMPLE  1, 

Assume  that  a  large  siliceous  ore  body  is  located  10  miles  from 
the  main  line  of  a  railroad.  The  manganese  content  varies  from  15 
to  40  per  cent,  and  the  silica,  30  to  20  per  cent,  the  balance  being 
alumina,  lime,  and  a  little  iron,  with  no  zinc  or  copper.  Average 
manganese  content  of  the  run-of-mine  ore  is  20  per  cent,  and  all  the 
manganese  is  soluble  in  SOj. 

Four  tons  of  ore  will  (on  an  80  per  cent  recovery  basis)  produce  1 
short  ton  of  high-grade  sinter  containing  60  per  cent  manganese,  no 
silica,  alumina,  or  phosphorus.  The  price,  according  to  May,  1918, 
schedule  is  $1.30  per  unit  plus  $6.50  silica  premium  =  $84.50  per  long 
ton,  f.  o.  b.  Chicago,  or  $84.50 -$12  freight  =  $72.50  per  long  ton 
f.  o.  b.  smelters.     The  costs  will  be  as  follows: 

Market  value  of  one  short  ton  shipping  product,  f .  o.  b.  smelters, 

based  on  above  schedule $64.  74 

Cost  of  mining  1  ton  of  ore §2.  00 

Haulage  to  railroad  at  30  cents  per  ton-mile 3.  00 

Loading,  sampling,  switching  and  general  handling 1.  00 

Railroad  freight  to  smelter 2.  50 

SO2  treatment  charge 3.  50 

SO2  plant  extinguishment 2. 00 

Cost  producing  and  treating  1  ton  of  ore 14.  00 

Cost  of  producing  1  short  ton  of  shipping  product 56.  00 

Net  profit  on  4  tons  of  ore 8.  74 

Net  profit  per  ton  of  ore  mined 2. 18 

It  is  assumed  that  the  market  will  hold  for  12  months  after  com- 
pletion of  the  SOo  plant,  or  that  12  months'  production  has  been 
contracted  for,  and  that  the  entire  cost  of  the  plant  (at  war-time  cost 
of  $200,000)  must  be  charged  off  against  100,000  tons  of  ore.  The 
plant-extinguishment  charge  will  therefore,  be  $2  per  ton,  as  given  in 
the  table. 

EXAMPLE   2. 

Assuming  that  the  shipping  grade  of  the  ore  in  example  1  could 
readily  be  raised  to  25  per  cent  manganese  at  an  additional  mining 
cost  of  50  cents  per  ton  and  to  30  per  cent  manganese  at  an  additional 
cost  of  $1  per  ton,  the  returns  would  be,  respectively,  as  follows: 

Four  tons  of  25  per  cent  ore  will  yield  1,19  long  tons  of  60  per  cent 
manganese  sinter,  ha\'ing  a  market  value  of  [($84.50  — $12  freight)] 
X  1.19  =  $86.30.  The  profit  under  these  conditions  would  be  [($86.30 
—  ($56 +  2)] -7- 4  =  $7.08  per  ton  of  sorted  ore  at  the  mine. 
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Four  tons  of  30  per  cent  ore  will  vield  1.4  long  tons  of  60  per  cent 
manganese  sinter,  having  a  market  value  of  (S84.50  — S12  freight) 
Xl.4  =  $101.50  f.  o.  b.  smelter.  The  profit  would  be  [($101.50- 
(S56+4)]-^4  =  $10.37  per  ton  of  sorted  ore  at  the  mine. 

Evidently  both  these  sorted  ores  would  stand  a  larger  haulage 
charge. 

EXAMPLE  3. 

Assume  that  a  manganiferous  lead-silver  ore  has  a  lime-silica 
gangue  with  sufficient  iron  and  lime  to  balance  the  silica  after  removal 
of  the  manganese.  The  manganese  content  is  20  per  cent.  Tliis  has 
a  fluxing  value  of  SI. 40.  The  removal  of  the  manganese  effects 
a  shrinkage  of  smelter  tonnage,  which  is  in  turn  offset  by  a  briquet- 
ting  charge  on  the  lixiviation  tailings.  The  lead-silver  contents  are 
assumed  to  have  a  net  value  of  $4  per  ton  of  original  ore  if  the  man- 
ganese is  removed  and  S6.40  per  ton  of  original  ore  if  smelted  without 
removal  of  manganese. 

Assuming  the  same  general  conditions  and  prices  as  obtained  in 
example  1,  it  is  evident  that  this  would  be  a  highly  profitable  war- 
time operation,  as  the  S4  smelter  return  per  ton  of  original  ore  would 
be  added  to  the  $2.18  profit  on  the  manganese  content  per  ton  of 
ore  mined,  making  a  total  profit  of  $6.18  per  ton  of  ore  mined.  An 
otherwise  unprofitable  operation  would  thus  be  made  highly  profitable 
and  an  important  source  of  manganese  would  be  developed. 

EXAMPLE    4. 

Assuming  that  under  normal  economic  conditions  there  would  be 
a  ready  eastern  market  for  a  60  per  cent  manganese  sinter  at  75 
cents  per  unit,  the  value  of  the  manganese  f.  o.  b.  smelter  would 
shrink  to  about  $28  and  the  maximum  return  per  ton  of  original 
ore  would  be  $28 +$16  =  $44. 

Under  normal  conditions  there  would  be  an  appreciable  sealing 
down  of  operating  costs  and  this  operation  would  show  a  small 
profit  as  follows: 

Market  value  at  smelter  of  the  manganese  and  other  metals  in  four 

tons  of  ore $44. 00 

Mining  per  ton  of  ore $1.  50 

Haulage  to  railroad  at  20  cents  per  ton-mile 2.  00 

Loading,  sampling,  and  general  handling 1. 00 

Railroad  freight  to  smelter 2.  50 

SOo  treatment  charge 3.  00 

SO2  plant  extinguishment  and  interest  on  investment 

(based  on  4  years) 50 

Cost  of  producing  and  treating  1  ton  of  ore 10.  50 

Cost  of  mining  and  treating  4  tons  of  ore  necessary  to  produce  1 
short  ton  60  per  cent  manganese  shipping  product 42.  00 

Profit  on  4  tons  or  ore  at  mine 2. 00 

Profit  on  l»ton  of  ore  at  mine 50 
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A  slight  increase  in  either  the  manganese  content  or  in  the  lead- 
silver  content  on  the  one  hand  or  a  decrease  in  transportation  costs 
on  the  other  hand  would  show  a  satisfactory  balance. 

POSSIBLE   FUTURE    APPLICATION    OF    SO2    METHOD. 

The  war-need  incentive  to  further  investigation  of  this  question 
by  the  Bureau  of  Mines  no  longer  exists.  It  is  probable,  however, 
that  there  are  certain  properties  where  the  foregoing  information 
might  be  profitably  applied,  as  these  figures  offer  some  encourage- 
ment when  considered  in  connection  with  fairly  large  ore  bodies 
which,  in  addition  to  the  manganese,  may  contain  other  valuable 
minerals,  such  as  (a)  1  to  2  per  cent  of  copper  (whether  sulphide 
or  nonsulphide) ;  (b)  sufficient  lead  or  silver,  or  combined  lead  and 
silver  to  leave  a  residue  that  would  pay  to  smelt;  (c)  sufficient  zinc 
to  warrant  separating  the  manganese  and  the  zinc  at  the  initial 
treatment  plant  or  to  warrant  experimentation  along  the  lines  of 
electric  smelting  and  subsequent  recovery  of  the  zinc  from  the  slag. 


CHAPTER  C— THE  JONES  PROCESS  FOR  CONCENTRATING 
MANGANESE  ORES;  RESULTS  OF  LABORATORY  INVES- 
TIGATIONS.« 


By  Peter  Christiansox  and  W.  H.  Hunter. 


INTRODUCTORY    STATEMENT. 

During  the  summer  of  1918  a  "direct-reduction"  process  for  treat- 
ing manganese  ores,  known  as  the  Jones  process  from  the  name  of 
its  inventor,  John  T.  Jones,  was  investigated  at  the  laboratory  of  the 
Minneapolis  experiment  station  of  the  Bureau  of  Mines.  This  work 
was  undertaken  because  the  process  offered  possibilities  for  concen- 
trating the  manganese  in  the  manganiferous  iron  ores  of  the  Cuyana 
Range    and    elsewhere. 

The  importance  of  this  work  in  relation  to  war  needs  has  passed, 
but  a  record  of  the  investigation  ma}^  be  of  general  interest  to  the 
industry. 

The  aim  of  the  Jones  process  is  to  effect  by  metallurgical  means 
a  separation  and  consefjuent  concentration  of  the  manganese  in 
ores  in  which  the  manganese  is  so  intimately  associated  with  the 
•iron  that  ordinary  methods  of  gravity  or  magnetic  separation  are 
impracticable. 

The  process  consists  of  two  stages.  In  the  first,  called  the  low- 
temperature  reduction  stage,  two  products  are  made,  namely,  (a) 
metallic  iron,  suitable  for  direct  use  in  the  manufacture  of  steel, 
and  (h)  slag.  Most  of  the  manganese  is  concentrated  in  the  slag. 
Separation  of  these  two  products,  as  outlined  by  the  inventor,  is 
accomplished  by  grinding  the  sinter  and  passing  it  over  a  magnetic 
separation  apparatus,  producing  thereby  a  high-grade  magnetic 
iron  concentrate,  and  a  nonmetallic  manganiferous  sinter.  This 
method  was  used  in  the  preliminary  tests.  In  the  final  test,  however, 
separation  was  accomplished  by  pouring  the  material  under  treat- 
ment in  a  liquid  condition  and  recovering  the  iron  metal  in  the 
form  of  a  button.  This  last  method  of  separation,  developed  at 
the  Minneapolis  station  of  the  bureau,  has  obvious  advantages, 
and  should  the  process  become  a  commercial  success,  would  doubt- 
less be  the  method  used. 

The  second  stage,  which  may  be  called  the  high-temperature  stage, 
involves  smelting  the  manganiferous  slag  or  sinter  derived  from 
the  fii-st  stage,  to  produce  a  manganese  aUoy. 

a  Prepared  in  cooperation  with  the  school  of  mines  of  the  University  of  Minnesota. 
137338°— 20 6  VI 
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lOW-TEMPERATURE  REDUCTION. 

PRELIMINARY  TESTS. 
OUTLINE. 

The  ore  used  in  preliminary  tests  was  typical  of  those  locally 
known  as  disseminated  Cuyuna  ores,  containing  approximately  24 
per  cent  iron,  18  per  cent  manganese,  and  26  per  cent  silica.  The 
foUowing  temperatures  were  tried:  1050°,  1150°,  1250°,  1300°,  and 
1350°  C. 

The  time  was  varied  from  one-half  hour  to  three  hours. 

The  reducing  agent  used  was  Elkhorn  coal,  containmg  6.6  per 
cent  ash  and  40.8  per  cent  volatile  matter;  the  amount  was  varied 
from  10  to  50  per  cent  of  the  ore. 

APPARATUS    USED. 

The  apparatus  used    in  the  tests  were  as  follows: 

Dixon  graphite  crucibles,  size  No.  2  for  200  grams  of  ore,  and  others  in  proportion 
to  size  of  charge. 

Gas  muffle  furnaces  for  temperatures  of  1050°  and  1150°  C;  oil-fired  muffles  for 
1250°  C;  electric  carbon  resistor  furnace  for  1300°  and  1350°  C. 

P>Tometers:  Hoskins  base-metal  couples  and  Hoskins  meters  for  temperatures  up 
to  and  including  1250°  C. 

Platinum-and-platinum-rhodium  couples  and  Leeds  &  Northrup  potentiometer 
for  temperatmes  above  1250°  C. 

Hand-crushing  apparatus,  screens,  hand  magnets,  and  panning  apparatus  for 
separating  magnetic  from  nonmagnetic  material. 

The  temperatures  indicated  are  those  of  the  muffle  outside  the 
crucibles.  The  temperatures  of  the  charges  within  the  crucibles 
were  probably  nearly  the  same,  except  as  regards  those  charges 
heated  only  30  minutes.  Temperatures  of  heats  above  1250°  C. 
were  taken  withui  the  charge.  Readings  were  generally  taken 
every  five  minutes. 

PROCEDURE. 
CHARGING  AND  HEATING. 

When  muffle  furnaces  were  used  the  ore  and  the  reducing  agent, 
crushed  to  pass  10  mesh,  were  mixed  and  charged  into  cold  cruci- 
bles; these  were  placed  in  the  muffle  heated  to  nearly  the  desired 
temperature.  When  crucible  furnaces  were  used  the  charge  was 
put  into  crucibles  heated  to  nearly  the  desired  temperature.  By 
using  the  muffle  furnaces  a  number  of  crucibles  could  simultane- 
ously be  subjected  to  practically  the  same  temperatures,  thus  keep- 
ing this  variable  constant;  and  a  variation  in  time  could  be  obtained 
by  removing  the  crucibles  at  the  end  of  different  periods  of  time. 

DISCHARGING. 

At  the  end  of  the  reduction  period  the  contents  of  the  crucibles 
were  discharged  into  cast-iron  molds,  so  as  to  effect  a  rapid  cooling. 
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SEPARATION. 

After  cooling,  the  content  of  each  crucible  was  generally  separated 
into    the   following: 

1.  Metal +  30  mesh] 

2.  Metal-30meshr^S^'^^'P^^'• 
3.  Slag  1 

p   ^  nonmagnetic  part. 

This  separation  was  effected  by  a  series  of  crushings,  screenings, 
and  magnetic  separations,  frequently  supplemented  by  panning. 
Each  of  these  parts,  if  panned,  was  weighed  and  sampled  for  analysis. 

ANALYSES. 

The  determinations  generally  made  were:  Per  cent  soluble  iron; 
per  cent  total  iron;  per  cent  soluble  manganese;  per  cent  total 
manganese;  per  cent  insoluble. 

CALCULATIONS.     " 

The  results  obtained  from  the  analyses,  together  with  the  weights 
of  the  various  parts,  were  combined  by  calculations  to  obtain  the 
metal  content  and  percentages  of  iron  and  manganese  recovered  in 
each  of  total  magnetic  and  nonmagnetic  parts. 

The  following  formulas  were  used  in  calculations: 

Formulas  used  in  calculating  recoveries. 
Percentage  Extraction. 

For  magnetic  part. 

Grams  Fe. 

Grams  of  magnetic  part+30Xper  cent  Fe  content= 

Grams  of  magnetic  part— 30Xper  cent  Fe  content= 

Sum=totaI  grams  Fe  in  magnetic  part= 

Grams  Fe  in  magnetic  part  X 100  ^      ^      ^.        ,„ 

T^ fT— ? — 1 — =per  cent  extraction  of  le. 

Grams  rem  charge 

For  nonmagnetic  part. 

Grams  Fe. 

Grams  of  slagXper  cent  of  Fe  content= 

Grams  of  carbonXper  cent  of  Fe  content= 

Siim=total  grams  Fe  in  nonmagnetic  part= 

Grams  Fe  in  nonmagnetic  part,,, „n  ,      ^      ^.      -r, 

7=; =f=; — -. T— 2 ^ — XlOO=per  cent  extraction  Fe. 

Grams  1'  e  m  charge 

Recovery  Per  100  Units  of  Ore. 

Per  cent  Fe  or  Mn  in  ore X per  cent  extraction = Recovery  per  100  units  of  ore. 

Per  Cent  Soluble  Iron  In  Concentrates. 

Grams  solu- 
ble Fe. 

Per  cent  sohible  FeXgrams  of  magnetic  part+30= 

Per  cent  soluble  FeXgrams  magnetic  part— 30= 

Sum  ==  Total  grams  soluble  Fe  in  magnetic  part= — 

7, ^^^°^X^QQ i=per  cent  soluble  Fe  in  magnetic  part. 

Grams  of  magnetic  part 
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Per  Cent  Soluble  Iron  in  Soluble  Part  of  Magnetic  Part.  Cirams  solu- 

ble matter. 

Per  cent  soluble  matter  X  magnetic +30= 

Per  cent  soluble  matter  X  magnetic— 30= 

Sum=TotaI  grams  soluble  matter  in  magnetic  part= 

Total  grams  soluble  Fe  in  magnetic  part     100= per  cent  soluble  Fe  in  soluble  part  of 
Grams  soluble  matter  in  magnetic  part  magnetic  part. 

Kesults  obtained  in  the  tests  are  given  in  Table  11. 

Table  11. — Results  of  preliminary  lotv-tetnperature  reduction  tests  with  the  Jones  process. 
Results  with  Varying  Temperatures. 

(o)  DATA. 


Test  No 

16-D. 

17-D. 

35-D. 

31. 

32. 

Temperature,  °C 

Ore,  grams 

Coal,  grams 

Time,  minutes 

1,050 
363 
91 
120 

1,150 
363 
91 
120 

1,250 
160 
40 

120 

1,300 

363 

91 

120 

1,350 
363 
91 
120 

(6)  EXTRACTION. 


Temper- 
ature °C. 


Product. 


Iron. 


Weight, 
grams. 


Total, 
per  cent. 


Recov- 
ery, per 
cent. 


Manganese. 


Total, 
percent. 


Recover- 

ery,  per 

cent. 


1,050 
1,050 
1,1.50 
1,150 
a  1,250 
ol,250 
1,300 
1,30C 
1,350 
1,350 


Ore 

Magnetic  part 

Nonmagnetic  part  , 
Magnetic  part  . . . . 
Nonmagnetic  part  , 

Magnetic  part 

Nonmagnetic  part 
Magnetic  part  . . . . 
Nonmagnetic  part  , 
Magnetic  part  . . . . 
Nonmagnetic  part . 


363.0 
233.5 

84.6 
131.4 
189.4 
40.5 
85.3 
94.8 
209.0 
96.6 
202.2 


24.36 
32.0 

5.7 
58.5 

8.18 
90.6 

2.0 
87.2 

2.4 
80.4 

4.4 


84.7 

5.5 

86.9 

17.5 

93.9 

4.4 

93.5 

5.7 

91.0 

10.0 


18.12 

19.8 

19.3 

15.0 

20.9 

3.2 
28.9 

7.0 
26.2 

9.4 
23.7 


70.5 
24.8 
30.0 
60.2 
4.5 
84.8 
10.0 
83.0 
14.3 
72.8 


o  In  test  35-D,  160  grams  of  ore  was  used, 
(c)  RECOVERY. 


Variable 
tempera- 
ture, °C. 

Iron.                                      Manganese. 

Test  No. 

Grams 

in  100 

grams  of 

ore. 

Recovery.            Grams, 
in  100 

Recovery. 

Percent. 

grams  of 
Grams.         ore. 

Percent.     Grams. 

16-D 

1,050 
1,150 
1,250 
1,300 
1,350 

24.36 
24.36 
24.36 
24.36 
24.36 

1 
84.7            20.5  ;        18.12 

70.5  1          12.60 

17-D 

86.9 
93.9 
93.5 

21.1          18.12 

22.  7  !        18. 12 
22.  6           18. 12 

30.0  !            5.44 

35-D 

4.5  !            0.80 

31 

5.7              1.03 

32 

91.0  '          22.0           18.12 

14.3              2.60 

Results  with  Variation  of  Time,  at  1,150°  C. 

(a)  DATA. 


Test  No. 


17-A. 

17-B. 

30 

60 

363 

363 

91 

91 

1,150 

1,150 

17-C. 


17-D. 


17-E. 


Time,  minutes... 

Ore,  grams 

Coal,  grams 

Temperature,  "C. 


363 

91 

1,150 


120 

363 

91 

1,150 


150 

363 

91 

1,150 
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Results  witu  V.\ki.\tio.v  on  Time,  at  1,150°  C. — Continued. 

(6)  EXTRACTION. 


llinutcs. 


Product. 


30 
30 
60 
60 
90 
90 
120 
120 
150 


Ore 

Magnetic  part  . . . . 
Nonmni^netic  part 

-Magnetic  part 

Nonmapncticpart  , 
Ma.irnelif  ijart  .  . . . 
Nonmagnetic  part  , 

Magnetic  part 

Nonmagnetic  part , 
Magnetic  part 


150     Nonmagnetic  part , 


Iron. 


Weight, 
grams. 


Total,     Recovery, 
percent.  I  per  cent. 


363.0 
156.0 
163.0 
204.4 
125.5 
166.0 
154.2 
131.4 
189.  4 
122.7 
178.5 


24.36 
38.7 
10.0 
38.4 

7.1 
44.8 

8.4 
58.5 

8.18 
57.0 

8.1 


68.4 
18.6 
89.0 
10.1 
84.3 
14.6 
86.9 
17.5 
79.3 
16.4 


Manganese. 


Total,     Recovery, 
percent. '  percent. 


18.12 

15.8 

18.8 

17.7 

21.3 

18.7 

22.7 

15.0 

20.9 

13.6 

22.1 


37.5 
34.8 
55.5 
40.6 
47.0 
53.3 
30.0 
60.2 
25.2 
59.9 


(c)  RECOVERY. 


Variable, 
minutes. 

Iron. 

Manganese. 

Test  No. 

Grams 

per  100 

grams  of 

ore. 

Recovery. 

Grams 

per  100 

grams  of 

ore. 

Recovery. 

Percent. 

Grams. 

Percent. 

Grams. 

17-A 

30 
60 
90 
120 
150 

24.36 
24.36 
24.36 
24.36 
24.36 

68.4 
89.0 
84.3 
86.9 

16.6 
21.7 
20.5 
21.2 

18.12 
18.12 
18.12 
18.12 
18.12 

37.5 
55.5 
47.0 
30.0 
25.2 

6.8 

17-H 

10.1 

17-C 

8.5 

17-D 

5.4 

17-E 

79.3             19-1 

4.6 

((f)  SOLUBLE  IRON  IN  MAGNETIC  PART. 


Minutes. 

Product. 

Weight, 
grams. 

Total, 
grams. 

Percent- ;    Grams 
age  of    1       of 

soluble   1  soluble 
iron           iron. 

Total 
grams  of 
soluble 

iron. 

Percent- 
age of 

soluble 
iron. 

Magnetic  part /^gg 

1                 1                 1 

1                  '                 ; 

60 

90 

120 

150 

Magnetic  part j+gg 

Magnetic  part / Igg 

Magnetic  part j+gg 

Skull 

Powder 

1                 i 
131.5      \      204  4/           ^^-^ 
72.9     /      ^"•*-«\;          22.9 

1            ! 

135.1     \      it^n):         47.8 
30.9     }      ^^-n!          25.4 

84.15    \      131  ,1           62.8 
47.2      /      ^■^^•\          33.0 

50.9     \      ,22-f           ^-O 
71.8      1       '■'^^■•\           fii.6 

60.5 
16.7 

64.7 
7.9 

52.8 
15.6 

22.4 
44.2 

}       68.4 
}       66.6 

37.7 
43.6 
52.0 
54.4 

(£)  SOLUBLE  IRON  IN  SOLUBLE  PART  OF  MAGNE 

TIC  PART. 

Minutes. 

Product. 

Weight, 
grams. 

Percent- 
Total    1    age  of 
grams.  1  soluble 
;  matter. 

Grams 

of 
soluble 
matter. 

Total 

grams 

of 
soluble 
matter. 

Total 
grams 

of 

soluble 

iron. 

Percent- 
age of 
soluble 
iron  in 
soluble 
matter. 

30 

Magnetic  part 1+^ 

60 

90 

120 

150 

Magnetic  part i+^ 

Magnetic  part i"^^^ 

Magnetic  part j+gg 

Skull 

Powder 

131.5     \    204  a/I        "5.5 
72.9     /    '^^•H[        62.2 

.50.9     \    .,,  -1         67.2 
71.8      '     ^''■'•'V        79  2 

98.  s 
45.6 

98.8 
18.6 

68.8 
30.3 

34.2 

56.8 

}    144.4 
}    117.4 
I      99.1 
1      91.0 

77.2 
72.6 
68.4 
66.6 

53.4 
61.5 
69.7 
73.4 

1 
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Results  with  \'.\riation  of  Time,  at  1,250°  C. 
(a)  DATA. 


Test  No 

35-A. 

35-B. 

3.5-C. 

35-D. 

35-E. 

30 

160 

40 

1250 

60 

160 

40 

1250 

90 

160 

40 

1250 

120 

160 

40 

1250 

150 

160 

40 

12.50 

(6)  EXTRACTION. 


Minutes. 


30. 
30. 

60. 

60. 

90. 
90. 

120 
120 

150 
150 


Product. 


Ore 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 


Weight, 
grams. 


160.0 


67.4 
78.7 


44.0 
92.0 


39.7 
93.8 


40.5 
85.3 


42,7 
81.7 


Iron. 


Total 
per  cent. 


24.36 


38.26 
10.8 


79.2 
3.3 


90.6 
2.0 


91.0 
1.6 


Recovery 
per  cent. 


66.2 
21.8 


89.2 

7.7 


90.4 
11.8 


93.9 

4.4 


98.5 
3.3 


Manganese. 


Total 
per  cent. 


18.12 


16.7 
20.5 


4.8 
27.4 


4.3 
26.3 


3.2 
28.9 


4.0 
29.0 


Recovery 
per  cent. 


38.6 
55.5 


7.3 

86.9 


5.9 
S5.2 


4.5 
S4.8 


5.9 
81.7 


(c)  RECOVERY. 


Iron. 

Manganese. 

Variable,  minutes. 

Grams, 
per  100 
grams 
of  ore. 

Recovery. 

Grams, 
per  100 
grams 
of  ore. 

Recovery. 

Per  cent. 

Grams. 

Percent. 

Grams. 

30                   .                          

24.36 
24.36 
24.36 
24.36 
24.36 

66.2 
89.2 
90.4 
93.9 
99.5 

16.1 
21.7 
22.0 
22.8 
24.2 

18.12 
18.12 
18.12 
18.12 
18.12 

38.6 
7.3 
5.9 
4.5 
5.9 

7.1 

60 

1.3 

90 

1.1 

120        

0.8 

150 

1.1 

(d)  SOLUBLE  LRON  IN  MAGNETIC  PART. 


Minutes. 

Products. 

Weight,  ■    Total, 
grams.       granas. 

Percent- 
age of 

soluble 
iron. 

1^'# 

Percent- 
age of 

soluble 
iron. 

30 

Magnetic  part / +3^ 

Magnetic  part Z+gg 

Magnetic  part J+Iq 

Magnetic  part jj^lg 

Skull 

Powder 

\ 

/ 

60 

1:1}   «•»{ 

1:!}   '^ 
1:J}   «•'{ 

81.0 

71.8 

90.8 
77.0 

92.3 
71.95 

91.5 
71.75 

Vo\       34.8 
30;6}       35.2 

to}       36.6 
35-8}       3S.4 

79.6 

80 

120 

150 

88. 6 
90.5 
9.00 
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Results  with  Variation  of  Time,  at  1,250°  C. — Continued. 

(0  SOLUBLE  IKOX  IN  SOLUBLE  PART  OF  MAGNETIC  PART. 


Minutes. 

Product. 

Weight, 
grams. 

Total, 
grams. 

Percent- 
age of 
soluble 
matter. 

Grams 

of  sol- 

uble 

matter. 

Total 
grams  of 
soluble 
matter. 

Total 

grams  of 

soluble 

iron. 

Percent- 
age of 
soluble 
iron  in 
soluble 
matter. 

30 

Magnetic  part/"^on 

\ 

( 

\ 

34.3 

9.7 

33.7 
6.0 

36.4 
4.1 

39.1 
3.6 

I 

r     90.0 

} 

30-9}      39.4 

1:1}      38.5 
11}      40.0 
1:n      42.2 

34.8 
3.5.2 
36.6 
38.4 

Magnetic  part/ +3^ 

}   "•<'  \  88:6 

}      39.7  {      III 

}  ^o•^{  rA 

}    42.7  '(    ^^:« 

8-8.5 

. 

91.5 

150 

Magnetic  part  j_3(j 

91.0 

' 

Results  With  Variatiox  of  Amount  of  Reducing  Agents. 

(a)  DATA. 


Test  No 

Coal,  prams 

Ore,  grams 

Temperature,  "C 

Magnetic  part,  grams 

Nonmagnetic  part,  grams. 


34-A. 

34-B. 

34-C. 

20 

40 

60 

200 

200 

200 

1,250 

1,250 

1,250 

64.6 

53.5 

50.1 

94.2 

109.7 

121.6 

34-D. 


(*)  EXTRACTION. 


200 
1,250 
52.7 
127.6 


Coal, 
per  cent 
of  ore. 


Product. 


Iron. 


Weight,  I 

gr^"^-    I    Total, 
I  per  cent. 


Manganese. 


Recovery,!    Total,    , Recovery, 
per  cent,  i  per  cent,    per  cent. 


Ore 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 


200.0 
64.6 
94.2 
53.5 

109.7 
50.1 

121. 6 
52.7 

127.6 


24.36 
68.3 

6.1 
90.0 

3.6 
89.9 

4.1 
70.5 
10.7 


18.12 
10.7 

90.5 

11.7 

27.4 

98.8 

4.7 

7.4 

28.3 

92.5 

4.8 

10.2 

26.0 

76.2 

13.5 

27.9 

21.1 

19.0 
71.3 
13.0 
80.8 
0.5 
87.2 
19.6 
74.3 


(c)  RECOVERY. 


Coal,  percentage  (by  weight)  of  ore. 

Iron. 

Manganese. 

Pounds 
per  100 
pounds 
of  ore. 

Recovery. 

Pounds 
per  100 
pounds 
of  ore. 

Recovery. 

Per  cent. 

Pounds. 

Per  cent. 

Pounds. 

10. 
20. 
30. 
40. 

24.36 
24.36 
24.36 
24.36 

90.5 
98.8 
92.5 
76.2 

22.0 
21.0 
22.5 

18.5 

18.12 
18.12 
18.12 
18.12 

19.0 
7.2 
6.5 

19.6 

3.5 
1.3 
1.2 
3.6 

The  foregoing  results  have  been  plotted  in  figures  2  to  9. 
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50 


Manganese 


^ 


Tota/  manganese  in  ore 
I 


Iron 


20  30 

Coal,  per  cent 

Figure  C. — Curves  showing  percentages  of  iron  and  of  manganese 
in  magnetic  part  in  heat  34  at  1,250°  C.  and  ^^ith  vanring  re- 
ducing agent. 


60 


50 


Z    30 


20 


10 
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Manganese 


V7y 
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Iron 


Total  manganese  in  ore 


1050 


1 1  50  1 250 

Temoerature  C 


1350 


riGTTRE  7. — CiuTcs  showing  percentages  of  iron  and  of  manganese 
in  magnetic  part  in  heats  16,  17,  31,  32,  and  35  with  varying 
temperatures. 
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Figure  8.— Curves  showing  percentages  of  iron  and  of  manganese  in  magnetic  part 
in  heat  35  at  1.250°  C. 
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FiGUUE  9.— Curves  shelving  percentages  of  iron  and  of  manganese  in  magnetic  part 
in  heat  17  at  1,150  "C. 
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CONCLUSIONS. 

Figures  2  to  9  indicate  that  the  following  are  the  requisite  con- 
ditions for  the  low-temperature  reduction  of  the  iron: 

(a)  Time,    preferably   30    to   40   minutes,    although   satisfactory 
results  were  obtained  up  to  2  hours. 

(b)  Temperature,  1,250°  C. 

(c)  Reducing  agent,  20  per  cent  coal. 

Analyses  of  ores  used  in  final  tests  with  low-temperature  reduction. 


Ore. 

Fe. 

Mn. 

SiOj. 

P. 

West  End 

Per  cent. 
24.36 
28.  .55 
35.15 
40.30 
35.40 

Per  cent. 
18.12 
24.55 
13.68 
13.08 
10.25 

Per  cent. 
26.50 
17.60 
9.46 
10.06 
21.36 

Per  cent. 
0.097 

Ferro 

.091 

1019  E 

.179 

1016  Cts 

.107 

381  Cts 

.059 

Two  kilograms  of  each  ore,  crushed  to  10  mesh  and  mixed  with  20 
per  cent  reducing  agent,  was  charged  into  a  large  graphite  crucible 
heated  to  redness. 

The  temperature  was  raised  to  1,250°  C.  and  kept  as  closely  as  pos- 
sible between  1,250°  and  1,275°  C.  until  reaction  was  complete. 

The  time  was  varied  to  some  extent  according  to  the  appearance 
of  the  charge,  with  a  maximum  time  of  two  and  one-half  hours, 
except  in  heat  43. 

The  reducing  agent  used  was  Elkhorn  coal  like  that  used  in  the 
preliminary  tests,  except  that  in  heat  41  coke  was  used. 

The  furnace  used  was  a  Case  oil-fired  melting  furnace  No.  40. 

The  method  of  handling  the  furnace  products  was  practically  the 
same  as  in  the  prehminary  tests.  However,  the  entire  contents  of 
the  crucible  were  poured  in  a  Uquid  condition,  and  most  of  the  metal 
produced  was  recovered  in  the  form  of  a  large  button. 

TABULATED   RESULTS. 

Detailed  results  of  the  tests  are  presented  in  Table  12  following: 
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DISCUSSION. 

The  foregoing  tabulation  is  self-explanatory.  The  results  were 
obtained  practically  under  the  conditions  indicated  under  prelimi- 
nary tests.  However,  the  appearance  of  the  charge,  and  in  par- 
ticular the  condition  of  the  slag  and  metal,  were  also  used  to  determine 
the  end  of  the  reaction. 

PRODTJCTS. 

On  averaging  all  the  results  93.5  per  cent  of  the  iron  and* 2.0  per 
cent  of  the  manganese  contained  in  the  ore  were  reduced  and  entered 
the  metal,  while  4. .8  per  cent  of  the  iron  and  90.3  per  cent  of  the 
manganese  remained  in  the  slag.  The  composition  of  the  metal 
obtained  in  all  the  tests  varied  as  follows: 

Iron,  per  cent,  89.9  to  96.3;  average,  94.2. 

Manganese,"  per  cent,  0.28  to  3.9;  average,  1.0. 

Phosphorus,  per  cent,  0.1842  to  0.50,  or  88.0  per  cent  of  that  con- 
tained in  the  ore. 

Sulphur,  per  cent,  0.003  to  0.097,  or  about  10  per  cent  of  that 
contained  in  the  charge. 

ORES. 

All  the  ores  tested  were  of  the  intimately  disseminated  Cuyima 
manganiferous  type  and  represent  a  wide  range  of  iron  and  manga- 
nese content.  All  were  crushed  to  pass  a  10-mesh  screen,  except 
that  used  in  tests  45  and  46,  which  was  crushed  to  8-mesh.  It  is 
probable  that  if  coarser  material  were  used  the  time  necessary  to 
complete  the  reaction  would  increase.  The  uniform  results  obtained 
in  testing  such  a  variety  of  ores  would  tend  to  show  that  this  low- 
temperature  reduction  is  applicable  to  a  much  greater  variety  of 
ores. 

TIME. 

A  considerable  range  of  time  at  which  the  charge  was  kept  at  a 
temperature  between  1,250°  and  1,300°  C.  was  used.  From  the  data 
thus  obtained  it  is  apparent  that,  under  the  conditions  given,  the 
best  results  are  obtained  when  the  charge  is  kept  at  this  temperature 
for  30  to  40  minutes. 

REDUCING  AGENT. 

Elkhorn  coal  crushed  to  10  mesh  was  used  in  all  tests,  except  No. 
41,  in  which  foundry  coke,  crushed  to  the  same  mesh,  was  used. 
The  Elkhorn  coal  analyzed  6.66  per  cent  ash,  40.98  per  cent  volatile 
matter,  and  0.645  per  cent  sulphur.  The  coke  analyzed  13.9  per 
cent  ash,  3.33  per  cent  volatile  matter,  and  1  per  cent  sulphur. 

No  difference  was  noticed  in  the  reaction  when  coke  was  used, 
except  that  the  slag  fused  at  a  lower  temperature.     This  was  probably 

a  Discardinfj  the  manganese  content  of  metal  obtained  in  tests  36  and  37,  the  reactions  of  which  were 
not  completed,  the  average  manganese  content  of  the  metal  would  be  reduced  to  0.60  per  cent. 
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due  to  the  larger  percentage  of  ash  in  the  coke.  The  use  of  coke 
also  tends  to  increase  the  sulphur  in  the  metal.  The  proportion 
required  did  not  seem  to  vary  with  the  character  of  the  ore. 


The  addition  of  lime  in  test  46  did  not  materially  change  the 
results.  Its  use  as  a  flux  would  probably  be  necessary  to  obtain  a 
high  recovery  of  iron  from  ores  containing  small  amounts  of  man- 
ganese and  large  percentages  of  silica.  The  lime  used  was  of  the 
commercial  air-slaked  type. 

FINAL  TESTS. 

OUTLINE. 

In  the  final  tests  with  low-temperature  reduction,  ores  of  the  fol- 
lowing analyses  were  used: 

EIGH-TEMPERATURE    REDUCTION    TESTS. 
GENERAL  OUTLINE. 

The  slag  obtained  by  the  process  of  low-temperature  reduction 
was  crushed  to  pass  a  30-mesh  screen,  mixed  with  25  per  cent  coke 
crushed  to  pass  a  10-mesh  screen,  and  charged  into  a  carbon  crucible 
which  was  heated  in  an  ordinary  electric  carbon  resistor  furnace. 

CHAKGE. 

An  analysis  of  the  slag  used  for  the  charge  was:  Iron,  4.9  per  cent; 
manganese,  28.68  per  cent;  SiOg,  31.1  per  cent;  AI2O3,  not  deter- 
mined. An  analysis  of  the  coke  used  as  a  reducing  agent  is  given 
above.  Slag,  coke,  and  lime  were  mixed  before  putting  the  charge 
into  the  crucible.  The  only  variable  used  in  these  tests  was  lime. 
This  was  air-slaked  material  similar  to  that  used  in  the  low-tempera- 
ture final  tests. 

PYROMETEK. 

The  temperature  was  measured  by  means  of  a  Scimatco  pyrometer. 
This  instrument,  though  not  very  satisfactory,  was  the  best  available. 
It  was  first  calibrated  against  a  Hoskins  thermocouple,  having  a 
temperature  capacity  up  to  1,100°  C.  With  great  care  in  observing 
by  keeping  the  comparison  lamp  at  a  constant  amperage  fairly 
concordant  results  were  obtained.  The  temperature  measured  was 
that  of  the  surface  of  the  charge  only,  but  when  a  charge  is  in  constant 
agitation,  owing  to  the  carbon  monoxide  produced  by  the  reaction,  it 
is  assumed  that  the  surface  temperature  serves  as  a  fair  indication  of 
the  temperature  of  the  crucible  contents. 
137338°— 20 7 
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CRUCIBLES. 


A  number  of  standard  crucibles  were  tried,  as  follows:  Ordinary 
assay  crucible,  graphite  crucible,  and  alundum  crucible.  None  of 
these  could  withstand  the  conditions.  The  crucibles  finally  used 
were  cut  on  a  lathe  from  4-inch  carbon  electrodes.  With  care  they 
would  hold  200  grams  of  crushed  slag  mixed  with  the  requisite  coke 
and  lime.  These  crucibles  suffered  deterioration  only  from  oxida- 
tion at  the  upper  edge  and  could  be  used  until  they  became  too 
shallow  to  hold  the  charge. 


TEMPERATURE. 

The  temperature  at  which  a  satisfactory  reaction  took  place  was 
found  to  be  about  1,450°  C.  This  satisfactory  reaction  may  be 
designated  as  uniform  and  rapid.  Above  1,450°  C.  the  reaction 
was  so  rapid  that  it  caused  violent  boiling,  and  below  this  tempera- 
ture the  reaction  was  so  slow  and  inactive  that  no  appreciable  metal 
was  reduced.  Hence,  the  condition  of  the  reaction  was  used  as  a 
criterion  for  temperature  regulation. 

TABUXATED  RESULTS. 

The  detailed  results  of  the  high-temperature  reduction  tests  are 
presented  in  the  tabulation  following: 

Table  13. — Results  of  high-temperature  reduction  tests. 


Test  No 

Charge. 

Weight: 

Slag grams 

Coke aO" 

Lime do.. 

Analysis: 

Fe  percent 

Mn.'. do.. 

SiOs do. . 

Alloy  produced. 

Weight grams 

l^ercentage  of  slag  charged 

Analvsis: 

Fe percent 

Mn do.. 

Si do.. 

Recovery,  per  cent  of  content  of  slag  charged: 

Fe 

Mn 

Si 

Slag  produced. 

Weight grams 

Percentage  of  slag  charged 

Analysis: 

Fe per  cent 

Mn do.. 

Si02 do. . 


200 
50 
40 

4.9 
28.68 
31.10 


66.0 
33.0 

16.8 
66.9 
10.7 

b  112.0 
77.2 
24.1 


134.0 
67.0 

1.26 
6.15 
36.25 


55 


200 
50 
30 

(a) 
(a) 


66.3 
33.15 

15.40 
65.00 
13.77 

6  102. 6 
75.4 
31.4 


108.7 
54.4 

1.94 
4.25 
34.85 


56 


200 
50 
20 

(a) 
(«) 


66.7 
33.35 

16.40 
6.42 
13.56 

M06.0 
74.8 
31.0 


112.3 
56.15 

2.15 

7.00 

37.80 


200 
50 
30 

(°) 
(a) 

(«) 


76.4 
37.7 

12.5 
62.4 
23.6 

6  97.0 
83.2 
62.0 


83.3 
36.9 

1.37 
4.70 
38.10 


58 


200 
50 
00 

C) 
(«) 
(a) 


81.5 
40.75 

12.0 
58.4 
25.0 

b  100. 0 
84.0 
70.5 


82.9 
41.45 

1.30 

5.44 

30.60 


o  See  test  54  for  analysis.  _  ,  t,        ^<,-      „       <i       inn 

6  Recoveries  are  calculated  on  content  of  slag  charged.    Discrepancy  shov.-n  by  getting  more  than  luo 
per  cent  recovery  is  due  to  fact  that  coke  contains  iron  as  part  of  the  ash. 
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DISCUSSION. 
GENERAL. 

Coke  was  used  as  a  reducing  agent  because  it  was  thought  to  be 
the  best  commercial  source  of  carbon  suitable  for  this  high-tempera- 
ture reduction.  It  was  mixed  well  with  the  rest  of  the  charge  and 
seemed  to  remain  more  or  less  disseminated  through  the  charge  after 
the  slag  portion  of  the  charge  had  melted.  The  amount  used  in  the 
tests  does  not  indicate  the  proportions  reqmi'cd  on  a  commercial 
scale  where  no  other  source  of  carbon  would  be  present,  because 
with  the  use  of  carbon  crucibles  there  was  alwa3''s  an  excess  of  carbon 
present  from  this  source. 

Lime  was  added  to  the  charge  to  render  the  resulting  slag  suffi- 
ciently liquid  to  pour.  The  amount  added  was  varied  for  the  pur- 
pose of  controlling  the  reduction  of  silicon.  However,  the  effect  of 
hme  in  this  respect  can  not  be  considered  very  definite,  although  the 
tendency  is  to  decrease  the  silicon  in  the  alloy  as  the  lime  is  increased 
in  the  charge. 

The  data  obtained  indicate  that  the  reduction  of  silica  to  metallic 
silicon  increases  as  the  temperature  is  increased  and  is  a  function 
both  of  the  temperature  and  of  the  Ume  added.  Possibly,  if  the  lime 
were  incorporated  in  the  slag  portion  of  the  charge,  its  effect  would 
be  more  pronounced. 

ALLOY. 

The  metal  produced  is  essentially  a  silico-ferro-manganese,  con- 
sisting of  about  15  per  cent  iron,  60  to  67  per  cent  manganese,  and 
10  to  25  per  "cent  silicon.  The  percentage  of  silicon  increases  with 
the  temperature  of  the  reaction;  and  as  the  silicon  increases  the  per- 
centage of  manganese  in  the  alloy  will  correspondingly  decrease. 

RECOVERY. 

The  excess  of  iron  recovered,  together  with  some  iron  remaining  in 
the  resulting  slag,  is  explained  by  sources  of  iron  being  present  in  the 
charge,  which  were  not  taken  into  account  in  making  the  calcula- 
tions. The  recovery  is  based  on  the  slag  portion  of  the  charge  only. 
Under  the  given  conditions,  the  manganese  remaining  in  the  resulting 
slag  was  not  less  than  about  5  per  cent.  It  is,  therefore,  evident 
that  as  the  slag  volume  is  decreased  the  recovery  of  manganese  is 
increased.  This  is  shown  in  experiments  Nos.  57  and  58.  The  re- 
covery of  manganese,  as  given  in  the  tabulated  results,  varied  from 
75  to  84  per  cent,  and  averaged  79  per  cent. 
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SLAG. 

As  the  iron  and  manganese  is  reduced  from  the  charge,  the  fusi- 
bihty  of  the  slag  decreases  and  its  viscosity  increases  as  a  result  of 
the  increase  in  unbalanced  silica.  The  presence  of  lime  in  the  charge 
is  advantageous,  increasing  the  fusibility  of  the  slag,  and  decreasing 
its  viscosity,  so  that  it  may  be  handled  in  a  liquid  condition. 

SUMMAEY. 

The  essential  results  contained  in  the  foregoing  report  may  be  summarized  in  semi- 
tabular  form  as  follows: 

Summcrnj  of  results  of  experiments  with  the  Jones  process. 
LOW-TEMPERATURE  REDUCTION,  1,250'  TO  1,300°  C. 

Charge: 

Reducing  agent,  20  per  cent  of  a  good  grade  of  coal. 
Ore: 

Fe,       per  cent 24.  0  to  40.  0 

Mn,      percent 10.  0  to  24.0 

SiOj,   per  cent 10.  0  to  26.  0 

AI2O3,  per  cent Not  determined. 

Products: 

Approximate  composition.  Recovery, 

percent.  percent. 
Liquid  metal: 

Fe,      94.00  94.00 
Mn,       1.00  2.0 

Si,         ■.  10  (maximum)  

P,  .  50  (maximum)  88. 0    (a^-erage) 

Liquid  slag: 

Fe,        5. 00  6. 0 

Mn,     29.00  90.0 

SiOj,  31.00  

Loss Manganese  8.0 

HIGH-TEMPERATURE  REDUCTION,  1,450°  C. 

Charge: 

Liquid  slag  from  low-temperature  reduction. 

Coke,  25  per  cent  of  slag. 
Products: 

Approximate  composition.  Recovery, 

per  cent.  per  cent. 

Liquid  metal: 

Fe....l5  100.0 

Mn....55to65  80.0 

Si 10to25  

Liquid  slag: 

Fe....  1.0  to    2.0 

Mn....  4.0to    G.  0 

SiO,...30.0to40.0 
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CONCLUSIONS. 

The  foregoing  results  seem  to  indicate  that  by  the  Jones  process 
concentration  of  manganese  in  the  finely  disseminated  manganiferous 
iron  ores  is  mctallurgically  possible.  A  discussion  of  the  commercial 
possibiUties  of  the  process  ^vill  not  be  attempted. 

The  metal  produced  in  the  low-temperature  reduction  is  suitable 
for  conversion  into  steel  by  any  basic  steel  process.  It  could  not  be 
used  as  a  foundry  metal.  Whether  the  low-temperatiu-e  reduction 
could  be  modified  to  yield  a  foundry  metal  would  require  further 
experiments.  By  a  suitable  regulation  of  temperature  and  by  the 
use  of  iron  ore  in  the  place  of  manganiferous  ores,  it  is  possible  that 
a  founchy  metal  could  be  produced. 

The  high-temperature  reduction  produces  an  alloy  that  may  be 
termed  a  sihco-ferromanganese.  -LVlthough  an  alloy  of  this  nature 
would  be  new  to  the  steel  industry,  it  could  probably  be  used  to  ad- 
vantage. About  72  per  cent  of  the  manganese  in  the  ore  appears  in 
the  alloy. 


CHAPTER  7.— COST  OF  PRODUCING  FERRO-GRADE  MAN- 
GANESE  ORES. 


By  C.  M.  Weld  and  W.  R.  Crane. 


INTRODUCTORY    STATEMENT. 

In  coUecting  and  disseminating  information  on  methods  of  mining 
and  preparing  domestic  manganese  ores,  careful  consideration  was 
given  by  the  bureau  to  the  important  matter  of  costs.  Unfortu- 
nately few  operators  kept  systematic  cost  sheets,  hence  the  data 
collected  are  incomplete  and  unsatisfactory,  particularly  for  an 
industry  having  so  little  uniformity.  Domestic  manganese  deposits, 
especially  deposits  of  ferro-grade  ores  (35+  per  cent  metallic  man- 
ganese), vary  widely,  not  only  in  the  character  of  the  ore,  but  also 
in  the  conditions  of  occurrence.  Costs  must  therefore  be  expected 
to  vary  correspondingly,  even  when  cost-keeping  methods  are  uni- 
form. But  when  the  methods  are  as  variable  as  the  costs,  compu- 
tation becomes  still  more  difficult. 

It  has,  nevertheless,  been  possible  by  carefully  compiling  the  ma- 
terial at  hand  to  arrive  at  certain  estimated  average  figures  which 
are  believed  to  be  approximately  correct,  and  to  draw  therefrom 
certain  general  conclusions.  It  must  be  clearly  understood,  how- 
ever, that  these  average  figures  may  be  entirely  misleading  if  applied 
to  some  one  particular  deposit.  The  conditions  are  so  variable  that 
it  is  necessary  to  consider  each  deposit  strictly  on  its  individual  merits 
when  considering  its  commercial  possibilities.  The  average  figures, 
however,  have  distinct  value  as  guides  to  the  probable  competition 
which  will  have  to  be  faced. 

In  fact  these  average  figures  have  been  compiled  with  this  latter 
point  especially  in  view.  For  this  reason  the  more  immediate  for- 
eign competitors,  Brazil  and  Cuba,  are  considered  as  weU  as  the 
domestic  sources. 

The  subject  may  be  approached  in  two  ways — by  determining  so 
far  as  possible  the  actual  cost,  and  by  determining  what  may  be  called 
the  "proper"  cost.  It  is  thoroughly  appreciated  that  at  many  prop- 
erties, owing  to  a  multitude  of  reasons,  costs  have  been  Tuiduly  and 
unnecessarily  liigh.  However,  as  regards  the  costs  of  producing  man- 
ganese ores  during  the  war,  it  would  serve  no  useful  purpose  to  esti- 
mate what  the  cost  ought  to  have  been.  War  costs  have  become  a 
92 
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matter  of  history,  but  the  actual  figures  as  bearing  on  probable 
future  costs  are  of  vital  importance.  When  it  comes  to  estimating 
the  future,  the  opposite  angle  of  approach  may  be  taken.  Domestic 
ores  will  soon  once  more  have  to  face  active  and  unrestricted  foreign 
competition,  and  "proper"  costs  will  have  to  be  attained  in  order 
to  keep  the  industry  alive.  Furthermore,  if  the  question  of  protec- 
tion be  raised,  only  "proper"  costs  should  be  considered.  It  is 
appropriate,  therefore,  to  discuss  future  possibilities  from  the  second 
point  of  view,  namely,  as  regards  what  the  costs  should  be. 

Another  vital  question,  in  every  discussion  of  this  sort,  is  what 
constitutes  cost.  Strange  as  it  may  seem,  the  important  factors  of 
amortization  of  plant  and  depletion  of  ore  reserves  are  more  often 
overlooked  than  not.  This  has  no  doubt  been  especially  true  of  a 
business  like  that  of  the  manganese  industry  during  the  war,  chiefly 
characterized  by  the  hurried  and  ofttimes  ill-considered  undertak- 
ings of  many  small  operators  with  little  financial  strength.  Never- 
theless, owing  to  the  uncertain  life  of  the  business,  the  writing  off 
of  the  investment  should  have  been  the  prime  consideration. 

In  most  instances  the  cost  data  collected  evidently  do  not  include 
allowances  for  amortization  and  depletion.  It  is  now  obviously  im- 
possible to  say  what  these  items  should  have  amounted  to;  there- 
fore, where  they  do  seem  to  have  been  included,  they  will  be  omitted 
from  the  following  discussion,  for  uniformity.  This  fact,  however, 
should  be  kept  in  mind,  if  any  comparison  of  the  average  estimated 
war  costs  with  the  prices  then  prevailing  is  attempted.  The  appar- 
ent profit  which  such  a  comparison  shows  probably  failed,  in  a  large 
number  of  cases,  to  offset  the  investment  before  the  business  col- 
lapsed upon  the  signing  of  the  armistice.  In  fact,  were  not  this  the 
case,  there  would  be  little  groimd  to-day  for  any  claims  under  the 
War  Alinerals  Relief  act. 

The  same  considerations  must  be  kept  in  mind  as  regards  the 
estimated  average  future  costs.  These  are  not  intended  to  include 
appropriate  charges  for  writing  off  investment. 

COSTS   OF   DOMESTIC    MANGANESE   ORES. 

The  domestic  manganese  ores  of  ferro  grade  fall  into  two  distinct 
classes,  which  vary  widely  from  one  another  m  their  cost  of  produc- 
tion. These  are  (1)  the  carbonate  ores,  and  (2)  the  oxide  ores.  A 
third  class,  namely,  the  silicate  (rhodonite)  ores,  should  perhaps  be 
mentioned,  but  such  ores  in  the  natural  state  are  too  sihceous,  and 
concentration  too  costly,  to  make  their  use  feasible  even  with  a 
war-time  market.  Consequently  the  small  amounts  produced  were 
incidental  to  the  production  of  carbonate  and  oxide  ores,  and  they 
need  not  be  considered  separately. 
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CARBONATE  ORES. 

Carbonate  ores  were  mined  in  quantity  in  only  one  locality,  namely, 
Butte,  Mont.,  but  the  output  for  1918  w.as  more  tlian  20  per  cent  of 
the  total  output  of  manganese  ores  mined  in  the  United  States.  The 
great  bulk  of  the  ore  required  no  concentrating  and  little  if  any  hand 
sorting.  Mining  was  of  the  underground  type,  but  the  deposits  were 
persistent  and  the  mining  operations  were  efficient.  Furthermore 
the  haul  to  the  railroad  was  short,  and  accomplished  by  motor  trucks 
over  well-paved  roads.  It  is  understood  that  the  cost  on  board  rail- 
road cars  was  not  more  than  $5  per  long  ton — probably  less.  As  the 
product  contained  36  to  37  per  cent  metallic  manganese,  the  unit 
cost  was  about  14  cents, 

A  small  amount  of  siliceous  carbonate  ore  was  produced  in  the 
Butte  district  and  concentrated  at  a  neighboring  customs  mill,  where 
the  milling  cost  is  said  to  have  been  S4.50  per  ton  of  product. 

OXIDE  ORES. 

The  oxide  ores  occur  mixed  with  clay,  chert,  and  other  gangue 
materials  and  invariably  require  careful  hand  cleaning  or  mechanical 
washing  or  concentrating.  The  deposits  are  generally  erratic.  Pro- 
duction costs  have  therefore  necessarily  been  much  higher  than  with 
the  carbonate  ores.  In  a  few  places  carbonate  ores  were  encoun- 
tered as  the  weathered  oxide  ores  were  followed  downward,  but  these 
carbonate  deposits  were  too  small  and  generally  too  impure,  to 
lessen  the  otherwise  high  costs.  Occasionally  silicate  (rhodonite)  ores 
were  encountered  ^yith  depth,  when  mining  as  a  rule  had  to  be 
abandoned. 

The  oxide  ores  are  widely  scattered  over  the  United  States.  They 
represented  nearly  80  per  cent  of  the  1918  production.  In  estimating 
the  average  cost  of  producing  them,  they  will  be  treated  as  a  group, 
although  individual  costs  as  between  States,  districts,  and  even  mines 
in  the  same  district,  frequently  varied  within  wide  limits. 

These  variations  were  principally  due  (a)  to  inherent  differences 
in  the  deposits  as  regards  their  size  and  richness,  and  (h)  to  their 
situation  as  affecting  the  cost  of  hauling  to  the  railroad.  Costs  may 
best  be  discussed  therefore  under  two  main  heads,  namely  (a)  cost 
at  the  mine,  and  (h)  cost  of  transportation  to  the  railroad. 

COST    AT    THE    MINE. 

Ordinarily  it  would  be  found  convenient  to  subdivide  the  cost 
at  the  mine  into  mining  cost  and  treatment  or  preparation  cost.  A 
large  part  of  the  manganese  ore  produced,  however,  was  hand  cleaned 
by  picking  or  screening,  and  the  available  cost  data  do  not  differen- 
tiate between  mining  and  hand  cleaning.     Consequently,  three  kinds 
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of  costs  must  be  considered  under  mining  and  preparation,  namely, 
mining,  milling,  and  mining  plus  hand  cleaning. 

Figures  for  these  costs  as  given  below  include  labor,  supplies,  and 
the  usual  overhead  charges,  such  as  royalty.  It  will  be  of  interest  to 
examine  these  items  separately  before  taking  them  up  as  lumped 
together  under  mining  and  treatment. 

LABOR. 

The  labor  supply,  never  abundant  in  many  of  the  manganese  dis- 
tricts, was  seriously  affected  by  conditions  resulting  from  the  war, 
not  the  least  of  wliich  v»'as  the  draft.  Table  14  following  shows  data 
regarding  wages  recently  paid. 

Table  14. — Wages  jmid  in  several  of  the  manganese- producing  States. 
(Dollars  per  day.) 


Ari- 
zonia. 

Arkan- 
sas. 

Geor- 
gia. 

Mon- 
tana. 

Neva- 
da. 

Ten- 
nesee. 

Utah. 

Vir- 
ginia. 

Wash- 
ington. 

Carpenter 

3.25 
2.75 
3.75 
2.75 
5.00 
4.00 
3.75 
2.75 
3.00 
2.50 

"3.25" 

6.00 
5.50 
5.50 

'5. 06' 

3.00 
2.  .50 

4.00 

Common  latior      

4.75 

3.00 

4.00 

2.00 

5.00 

3.00 
5.75 
2.75 

4.50 

Steam-shovel  operator . 

Steam-shovel  helper 

Fireman 

2.75 
3.75 

Mill  men 

5.50 

3.00 

4.50 

6.00 
4.00 

7.50 
8.30 
6.00 

3.50 

Mill  foreman 

5.00 



5.00 

Sufficient  data  are  not  at  hand  for  satisfactory  comparison 
between  prewar  and  war  times,  but  a  few  figures  in  this  direction 
are  available.  For  example,  in  1916  the  wage  paid  common  labor 
in  the  Cartersville  district,  Georgia,  was  $1.25  per  10-hour  day;  a 
year  later  it  had  risen  to  $1.75,  while  in  1918  it  was  $2.50  per  8- 
hour  day.  In  certain  localities  a  bonus  was  paid  for  a  maximum 
number  of  days'  work  per  week,  which  raised  the  wage  to  $3  per 
10-hour  day.  A  similar  condition  existed  in  the  Batesville  district, 
Arkansas,  and  undoubtedly  such  conditions  were  universal  through 
the  manganese  fields  of  the  country.  A  wage  of  $2.50  for  eight 
hours  is  probably  a  fair  average. 

STTPPLIES. 

No  detailed  information  as  to  cost  of  supplies  per  ton  of  product 
is  available.  The  item  was  far  higher,  possibly  double,  the  pre- 
war cost. 

ROYALTT. 

A  royalty  commonly  demanded  during  the  war  was  10  per  cent 
of  the  gross  value  of  the  product,  that  is  to  say,  of  the  selling  price. 
The  royalty  thereby  varied  automatically  with  the  grade  of  the  ore. 
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Occasionally   an   arbitrary   sliding   scale   was   used,    of   which    the 
following  is  an  example: 

Example  of  arbitrary  sliding  scale  of  royalty  for  manganese  ore. 

Manganese  content  of  ore,  per  cent.  Royalty  per  ton. 

20  or  less $0.  50 

20  to  30 1.00 

30  to  40 1 .  50 

40  and  over 2.  00 

This  scale  provided  for  the  higher  grades  of  manganiferous  ores 
as  well  as  for  ferro-grade  ores.  At  some  places,  where  the  ore  ran 
fairly  uniformly  as  to  grade,  a  single  fixed  rate  of  royalty  was  paid, 
as  for  instance  50  cents  per  ton  at  the  Cason  mine,  Batesville,  Ark. ; 
or  $1.50  per  ton  in  the  Erickson  district,  Utah. 

The  average  manganese  content  of  all  ferro-grade  oxide  ores 
mined  in  the  United  States  was  approximately  41  per  cent,  and 
the  average  royalty  paid  for  such  ores  may  be  taken  to  be  $1.50 
per  long  ton.  Before  the  war,  the  current  royalty  for  rather  better 
grade  ore  was  $1.00. 

MINING  AND  TREATMENT. 

The  mining  cost  per  ton  of  product  naturally  varied  widely,  not 
only  with  the  cost  of  handling  the  bank  dirt,  or  crude  ore,  but  also 
with  the  yield  of  concentrates.  As  a  rule,  however,  cost  and  yield 
roughly  offset  each  other.  Thus,  a  lean  bank  dirt  had  to  be  mined 
more  cheaply  than  a  rich  one.  Yields  varied  from  2  or  less  up  to 
as  much  as  10  tons  of  bank  dirt  per  ton  of  concentrates;  and  mining 
costs,  where  the  ore  was  mined  as  it  came  and  was  sent  to  a  mill  for 
treatment,  were  found  to  range  from  $5  to  $10  per  ton  of  product, 
with  the  average  not  far  from  S7.50. 

Milling  costs  likewise  varied  with  the  grade  of  the  bank  dirt,  as 
also  with  the  degree  of  refinement  to  which  the  process  was  carried. 
Concentrating  plants  varied  from  simple  log  washers,  with  or  without 
picking  belts,  to  elaborate  mills  with  screens,  jigs,  and  even  occa- 
sionally tables.  Water  was  not  infrequently  a  costly  item.  Costs 
per  ton  of  product  varied  from  $5  to  $8.50,  the  average  being  ap- 
proximately $6.50. 

At  many  small  operations  the  bank  dirt  was  simply  picked  or 
screened  by  hand.  A  profit  in  such  cases  was  only  possible  when 
the  crude  material  was  fairly  rich,  but  frequently  cheaper  costs  were 
attained  than  at  the  larger  and  more  elaborate  operations,  chiefly 
because  overhead  charges  were  reduced  to  a  minimum,  and  the 
"mine"  was  readily  moved  from  point  to  point,  following  the  richer 
and  cheaper  ore.  The  average  cost  per  ton  of  product  was  $12  to 
$13;  individual  costs  were  frec^uently  less. 

Considering  the  respective  proportions  of  ore  hand  cleaned  and 
milled,  the  average  cost  of  the  total  product  is  estimated  to  have 
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been  S13.50.  The  figures  that  contribute  to  this  average  include  a 
certain  amount  of  the  overhead  charge  in  many  cases,  but  probably 
$1.50  should  be  added  to  cover  royalty,  sampling,  and  similar  over- 
head charges,  which  in  other  cases  have  not  already  been  included. 
Thus  it  is  concluded  that  the  total  average  cost  at  the  mine  of  the 
oxide  ores  was  approximately  $15. 

The  following  individual  examples  are  given  as  illustrating  some 
of  the  details  underlying  the  above  conclusion. 

Mr.  F.  G.  Moses  of  the  bureau's  staff  reported  mining  costs  per  ton 
of  product  in  the  Erickson  district  of  Utah  as  given  below.  Costs 
at  the  mine  were  comparatively  low  at  that  point. 

Costs  per  ton  of  product  in  the  Erickson  district,  Utah. 

Mining $5.  00 

Overhead 2. 00 

Sampling 1.  00 

Royalty 1 .  50 

Total 9.  50 

The  average  cost  of  mining  per  ton  of  product  in  the  Cartersville 
district,  Georgia,  was  about  as  follows: 

Average  costs  per  ton  of  product  in  the  Cartersville  district,  Georgia. 

Underground.  Open  cut. 

Mining $3.00  $2.50 

Timbering 1.50        

Royalty 1.50  1.50 

Handling  and  miscellaneous 2.  25  .50 

Total $8.25  $4.50 

The  bulk  of  the  ore  was  obtained  from  open-cut  workings  and  the 
average  cost  per  ton  of  product  is  assumed  to  be  $5.50.  This  is  by 
far  the  most  important  manganese  producing  district  in  the  State  of 
Georgia. 

The  following  rates  paid  for  contract  mining  in  the  Batesville 
(Arkansas)  and  Cartersville  (Georgia)  districts  are  interesting. 

Rates  for  contract  mining  per  ton  in  Batesville  and  Cartersville  districts. 
Ore.  Batesville.o    Cartersville. 6 

Low  grade $8      $17 

Medium  grade $12  to  $15     

High  grade $25  to  $40     

A  high  price  was  paid  in  Batesville  for  high-grade  ores,  yet  the 
amount  of  ore  that  could  be  mined  was  much  less  than  with  low-grade 
ores,  so  that  the  wage  earned  was  about  the  same. 

a  The  wash  dirt  mLaed  to  be  cleaned  at  company's  expense.         6  For  all  lump  and  cleaned  ore. 
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The  following  figures  are  given  as  approximate  milling  costs  per 
ton  of  concentrates  at  a  large  operation  in  Virginia: 

1917:  729  tons  were  cleaned  at  a  cost  of  $10.77  per  ton. 
1918:  945  tons  were  cleaned  at  a  cost  of  S6.53  per  ton. 
1918:  Estimated  cost  for  remodeled  mill,  S6.50  per  ton. 

The  total  estimated  cost  per  ton  of  product  on  board  railroad  cars, 
including  all  charges,  was  given  for  the  latter  part  of  1918  as  $15. 
This  is  only  one  of  a  number  of  relatively  important  operations  in 
Virginia. 

Theodore  Simons  reported  the  following  average  costs  for  July, 
1918,  in  the  Philipsburg  district,  Montana.  These  costs  are  per  ton 
of  product  on  board  railroad  cars  and  include  all  charges  for  labor, 
timbering,  hand  cleaning  or  concentrating,  road  construction,  devel- 
opment, repairs,  and  overhead: 

Average  costs  in  Philipsburg  district. 

^Mining  Company  A $15. 14 

Mining  Company  B 21.  00 

Mining  Company  C 16.  00 

Mining  Company  D 17.  33 

Mining  Company  E 17.  00 

Mining  Company  F 18.  00 

The  arithmetical  average  of  the  above  is  $17.41  per  ton  of  the- 
product.  As  company  A  was  by  far  the  largest  single  producer  its 
lower  cost  would  bear  down  this  figure  in  a  weighted  average  to 
approximately  $16.50,  or  roughly  $15,  excluding  the  cost  of  hauling 
and  loading  into  railroad  cars. 

A  representative  milling  cost  at  Philipsburg  was  reported  as  being 
$7.14  per  ton  of  product.  Custom  mill  work  on  Butte  and  Philips- 
burg oxide  ores  is  said  to  have  cost  $2.50  per  ton  of  crude  ore.  As 
the  ratio  of  crude  to  concentrates  was  approximately  2.6  to  1,  this 
latter  figure  would  become  about  $6.50  per  ton  of  concentrates. 

COST  of  transportation  to  railroad. 

The  location  of  the  mines  worked  for  manganese  during  the  war 
with  reference  to  the  nearest  railroad  shipping  point  varied  as  widely 
as  the  other  factors  entering  into  cost.  Not  infrequently  the  distance 
hauled  differed  greatly  even  within  the  same  district.  For  instance^ 
in  the  Batesville  district,  Arkansas,  hauls  were  commonly  2  to  3 
miles,  but  hauls  of  5  to  10  miles  were  not  uncommon.  The  ore  from 
a  mine  in  Tennessee  was  hauled  14  miles  to  the  railroad,  and  in  the 
Buena  Vista  Valle}',  Nev.,  the  distance  hauled  was  20  miles. 

Transportation  was  by  wagons  and  motor  trucks.  The  average 
load  was  1  ton.  This  average  figure  frequently  applied  even  when 
2-ton  trucks  were  used,  on  account  of  poor  roads.  A  few  5-ton 
trucks  were  used,  but  the  tonnage  handled  in  such  units  was  small. 
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Table  15  following  gives  cost  data  and  other  data  relating  to  a 
number  of  typical  and  important  camps.  The  average  cost  of  hauling 
for  all  oxide  ores  was  roughly  $3.50  per  ton.  To  this  should  be  added 
an  average  charge  of  35  cents  per  ton  for  handling  the  ore  at  the  two 
terminals  of  the  haul. 

Table  15. — Cost  of  handling  and  hauling  ore  in  manganese-producing  States. 


State. 


Average 

distance 

hauled, 

miles. 


Load 

hauled, 
pounds. 


Method  employed. 


Cost  per  ton. 


Loading 
cars. 


Ha';!:|^gL«^ding|weigh. 
wagons,    ing  ore. 


to  rail- 
road. 


Arkansas 

Georgia 

Montana 

Nevada 

New  Mexico. 
Tenne.ssee . . . 

Utah 

Virginia 


3i 

3.5 
«11 
10 
18 

2i 
13 

2\ 


3,300 
2,800 
3,000 
4,000 
2,800 
3,000 
2,800 
4,000 


Wagons  and  motor  trucks. . .      $0. 25 

Wagons 

Wagons  and  motor  trucks...!       6.29 

do I 

Wagons I         .45 

do ' 

do 50 

do 1.00 


$2.60 
1.10 
1.45 
5.95 
3.50 
2.50 
6.50 
1.50 


SO.  35 


SO.  10 


a  Philipsburg  district  only. 


6  Cost  of  loading  lx)th  wagons  and  cars. 


SUMMARY    OF    COST    OF    OXIDE    ORES    ON    BOARD    CARS. 

Adding  the  cost  per  ton  of  product  at  the  mine,  SI 5,  to  the  cost 
for  transportation  to  railroad  plus  handling,  83.85,  the  total  estimated 
average  cost  on  board  railroad  cars  for  the  oxide  ores  is  seen  to  be 
SI 8. 85,  or,  say,  S19  per  long  ton.  With  41  per  cent  average  metallic 
manganese  content  the  unit  cost  is  46.4  cents. 

COST  OF  RAILROAD  TRANSPORTATION  TO  MARKET. 

Railroad  freight  rates  advanced  materially  during  the  war.  Cer- 
tain reductions  were  later  made  in  favor  of  western  shippers  of  man- 
ganese ores,  but  were  still  high.     Some  typical  rates  are  given  below. 

Freight  rates  between  Southern  points  and  Chicago. 

From —  Rate  per  ton  of  2,240  pounds. 

Northeastorn  and  northwestern  Georgia $6.  90 

Eastern  Tennessee  and  •western  North  Carolina 5.  90 

Virginia 6.  30 

Abbeville  and  Greenville,  S.  C,  and  Lincolnton,  Ga 8.  40 

Batesville,  Ark 4.  GO 

Freight  rales  between  western  points  and  Chicago,  Philadelphia,  and  Birmingham. 


State  (any  point). 


Destination. 


Rate  per 
short  ton. 


Destination. 


Rate  per 
short  ton. 


Colorado Chicago,  111. 

Oregon ' do 

Washington do 

Califorma j do , 

Montana do , 

Arizona ' do , 

Nevada do 

Utah ' do 

New  Mexico do 


$7.00 
11.00 
11.00 
11.00 
8.00 
9.00 
10.00 
9.00 
7.00 


Philadelphia,  Pa.. 
Birmingham,  Ala . 
do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


$8.50 
12.50 
12.50 
12.50 
10.50 

9.00 
11.00 
10.  OO 

7.00 
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The  GoTernment  schedule  of  prices  on  which  ores  were  sold  during 
the  war  fixed  the  price  per  unit  delivered  at  Chicago.  The  producer 
calculated  the  value  of  his  ore  at  Chicago  and  then  deducted  the 
freight  rate  from  point  of  production  to  Chicago  to  get  the  selling 
price  of  his  ore  f.  o.  b.  railroad  cars  at  shipping  point.  The  buyer 
paid  the  actual  freight  from  shipping  point  to  point  of  consumption. 

Whether  ores  are  sold  in  the  future  f.  o,  b.  cars  at  the  shipping 
point  or  delivered  at  the  furnace  makes  no  difference  to  the  pro- 
ducer. It  is  at  the  furnace  that  he  must  compete  with  other  pro- 
ducers, whether  domestic  or  foreign,  and  he  must  therefore  com- 
pute the  freight  as  part  of  his  cost  of  production. 

A  small  amount  of  ferro  was  made  in  western  electric  furnaces 
during  the  war,  but  the  great  bulk  of  it  was  made  east  of  the  Missis- 
sippi, at  Chicago  and  in  Alabama,  Virginia,  Pennsylvania,  and  New 
York.  The  production  of  Pennsylvania  furnaces  largely  predomina- 
ted, and  this  will  unquestionably  be  even  more  true  in  the  future,  as 
production  outside  of  Pennsylvania  was  principally  stimulated  by 
war  prices. 

It  has  already  been  pointed  out  that  costs  at  the  mine  and  costs 
of  transportation  to  the  railroad  varied  widely  from  point  to  point. 
These  variations  were  not  due  to  the  section  of  the  country  in  which 
the  mines  were  situated,  however,  but  rather  to  the  nature  of  the 
deposits  themselves.  Two  distinct  groups  of  deposits  have  been 
differentiated,  namely,  the  carbonates  and  the  oxides.  Within  these 
groups  it  mattered  little  whether  the  mine  was  situated,  for  example, 
m  Virginia  or  in  Calif  ornia ;  the  cost  might  be  high  or  low  in  either  place. 
Therefore  it  was  found  desirable  to  average  all  costs  for  each  group 
and  so  determine  an  estimated  average  cost  for  producing  ore  of  that 
group,  irrespective  of  its  locality. 

It  seems  necessary  to  consider  the  matter  of  railroad  freights  from 
another  angle.  If  all  oxide  ores,  for  instance,  had  been  produced 
in  Virginia,  their  average  cost  delivered  at  Pennsylvania  furnaces 
would  have  been  less  than  if  a  part  had  been  shipped  from  points  west 
of  the  Mississippi.  Therefore,  the  freight  for  each  State  or  district 
to  the  principal  center  should  be  weighted  in  an  average  according 
to  the  amount  of  ore  shipped  from  that  State  or  district.  It  has 
been  necessary  to  make  certain  assumptions,  as  exact  freight  rates  are 
in  many  cases  not  at  hand,  but  the  resulting  figures  without  doubt 
approximate  the  truth. 

Proceeding  by  this  method  and  assuming  that  the  principal  con- 
suming center  is  Pennsylvania,  it  is  found  that  the  average  freight 
rate  for  the  oxide  ores  during  the  latter  part  of  1918  was  approxi- 
mately $10.75  per  long  ton  and  for  carbonate  ores  approximately 
$11.25,  includins:  war  tax. 


DISCUSSION  OF  FUTURE  POSSIBILITIES, 
SUMMARY  OF  COST  OF  DOliESTIC  ORES. 
The  foregoing  estimates  are  summarized  as  follows: 

Summarized  data  on  estimated  average  cost  of  domestic  ores. 
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Estimated  tons  produced  in  1918 
Estimated  cost  on  railroad  cars . . 

Estiraatpd  railway  freight 

Total  estimated  cost  delivered. .. 

Manganese,  per  cent 

Estimated  cost  per  unit,  cents . .. 


Carbonate 
ore. 


63,000 

$5.00 

S11.35 

$16. 3.5 

36.  .5 

45.0 


Oxide 
ore. 


231,500 

$19.00 

SIO.  70 

$29. 70 

41.0 

70.7 


Averapro. 


294,500 
$16. 00 

$10.  sr, 

$26.80 
40.0 
65.0 


Of  course,  the  more  favored  districts  could  produce  oxide  ores 
more  cheaply  than  the  average  figures  given.  Virginia,  for  instance, 
probably  delivered  ore  to  the  furnaces  at  a  cost  of  about  55  cents 
per  unit.  Cartersville  (Ga.)  and  Batesville  (Ark.)  ores  should 
have  reached  Birmingham,  Chicago,  or  Pennsylvania  furnaces  for  55 
to  60  cents  per  unit.  Nearly  85  per  cent  of  the  oxide  ores,  however, 
came  from  the  far  western  States  and  were  subject  to  high  railway 
freights.  The  carbonate  ores  paid  a  high  railway  freight  but  other 
costs  were  so  low  that  these  were  probably  the  cheapest  ores  pro- 
duced either  on  a  ton  or  unit  basis. 

DISCUSSION  OF  FUTURE  POSSIBILITIES. 

The  average  costs  computed  in  the  foregoing  pages  are  for  war 
times  and  more  particularly  for  the  last  six  months  before  the  signing 
of  the  armistice. 

In  estimating  future  costs  we  have  little  to  guide  us  in  the  way 
of  prewar  costs.  Then  only  small  amounts  of  domestic  ores  were 
mined,  frequently  in  a  small  way  by  farmers  when  not  busy  with 
farm  work.  The  production  was  in  the  southeastern  States,  where 
freight  rates  to  consuming  centers  were  not  excessive.  Probably 
only  small  profits  were  made,  but  these  were  satisfactory  under  the 
circumstances.  Costs  were  S4  to  S8  per  ton  on  board  railroad  cars, 
but  these  costs  are  not  fair  guides  to  futm'e  possibilities. 

Aside  from  railway  freights,  the  wage  scale  enters  more  largely  into 
the  cost  of  production  than  any  other  single  item;  and  it  is  probable 
that  reduction  in  cost  will  come  chiefly  from  reduction  in  wages. 
Better  practice  should  account  for  some  reduction,  and  cost  of  sup- 
plies may  perhaps  be  properly  expected  to  drop  about  in  proportion 
to  reduction  in  wages. 

The  consideration  of  future  wages  is  a  far-reaching  problem,  in- 
volving infinitely  more  imj>ortant  national  industries  than  manganese 
mining,  and  an  infinite  number  of  correlated  j^roblems.  The  subject 
is  ventured  upon  only  because  it  seems  desirable  at  this  time  to 
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attempt  some  reasonable  forecast  of  the  probable  future  cost  of 
manganese. 

There  is  admittedly  much  difference  of  opinion  in  this  respect, 
but  it  may  fairly  be  assumed  that  wages  must  inevitably  drop.  The 
cost  of  labor  is  now  approximately  double  the  prewar  figure  in  many 
of  the  more  important  manganese-producing  districts.  An  instance 
has  already  been  given  where  it  has  more  than  doubled.  Its  advance 
has  frec|uently  outsped  the  increase  in  cost  of  living,  which  is  said 
in  general  not  to  have  increased  more  than  approximately  50  per 
cent  in  most  manganese  mining  camps.  The  economic  pressure  of 
competition  must  either  depress  these  wages  or  else  the  industry 
must  be  abandoned.  If  it  be  assumed  that  wages  will  drop,  to  faU 
in  line  with  the  increased  cost  of  living,  and  that  the  latter  will  not 
decrease,  then  the  droj)  in  wages  will  be  ecjuivalent  to  25  per  cent  of 
the  war  wage. 

In  this  connection  it  naay  be  further  assumed  that  the  cost  of 
supplies  will  decrease  in  like  proportion;  whereas  better  practices 
will  prevail  and  more  efficient  labor  will  be  available  than  under  war 
conditions.  The  net  result  is  an  estimated  future  reduction  in  cost 
of  manganese  ore  on  board  railroad  cars  of  25  j)er  cent. 

It  does  not  seem  likely  that  railway  freights  will  be  materially 
lowered  in  the  near  future,  except  perhaps  to  the  extent  of  the  re- 
moval of  the  war  tax. 

On  the  basis  of  the  foregoing  premises,  the  summarized  costs  for 
war  times  given  on  page  101  become  as  follows: 

Revised  estimated  average  cost  data  on  domestic  manganese  ores. 


Estimated  proportionate  tonnage,  per  cent 

Estimated  cost  on  railroad  cars 

Estimated  railway  freight 

Total  estimated  cost,  delivered 

Manganese,  per  cent , 

Estimated  cost  per  unit,  cents 


Carbonate 
ore. 


21 

S3. 75 

Sll.OO 

S14.  75 

36.5 

40.4 


Oxide  ore.      Average, 


79 

14.25 

10.40 

24.05 

41.0 

60.0 


100 

11.72 

10.53 

22.25 

40.0 

55.6 


Here  again,  in  certain  more  favored  districts,  as  regards  freight 
rates,  the  oxide  ores  can  undoubtedly  be  delivered  to  the  furnaces 
for  less  than  60  cents  per  unit.  For  the  Southern  States,  generally, 
rates  of  50  cents  per  unit  or  less  should  be  attained,  whereas  for 
Western  ores  the  cost  would  probably  exceed  60  cents.  The  Butte 
carbonate  ores  are  the  one  exception  in  the  far  west,  owing  to  ex- 
ceptionally cheap  mining  and  hauling  costs. 

COSTS    OF   FOREIGN    ORES. 

The  prmcipal  source  of  foreign  ore  during  the  war  was  Brazil. 
The  next  most  imj^ortant  single  source  was  Cuba.  Smaller  amoimts 
came  from  other  points  in  the  West  Indies,  Central  and  South 
America,  and  the  Orient,  chiefly  India. 
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In  prewar  times,  Russia  and  India  were  more  imj^ortant  sources 
than  Brazil.  It  seems  probable,  however,  that  Russia  will  not  for 
a  few  years  become  a  large  factor  once  more,  and  that  the  Indian 
output  may  also  be  slow  in  reaching  this  country;  though  English 
ferromanganese  made  from  Indian  ores  is  hkely  to  appear  before 
long  in  quantities  sufTicient  to  affect  the  market. 

Our  more  immediate  concern  is  with  Brazilian  and  Cuban  ores. 
Some  information  regarding  costs  in  these  countries  is  reviewed  in 
the  following  pages. 

Manganese  mining  in  Cuba  is  generally  by  open-cut  methods. 
In  only  one  instance  has  there  been  anything  ai:)proaching  true  under- 
ground work.  Preparation  for  market  is  generally  by  hand  cleaning, 
though  log  washers  are  used  at  the  most  important  mine  in  the  island. 
One  concentrator,  involving  screens  and  jigs,  was  built  and  operated 
during  the  war. 

The  price  of  labor  rose  rapidly  during  1917-lS,  being  at  the  last 
as  much  as  SI. SO  to  $2  per  9-hour  day. 

Mining  and  treatment  costs  naturally  varied  from  point  to  point, 
ranging  between  So  and  SS  per  ton  of  j^roduct. 

Much  of  the  ore  was  hauled  from  mine  to  railroad  by  mules  or  oxen, 
the  cost  var^-ing,  with  the  distance,  from  $2  to  SIO  per  ton.  A  small 
amount  was  even  packed  on  mules  at  a  cost  of  SIO  and  upward. 

Freight  rates  to  shipping  port  ranged  from  less  than  SI  a  ton  up 
to  S2.50  and  more,  according  to  the  length  of  haul.  Charges  for 
loading  into  ship  were  sometimes  as  high  as  SI. 50.  Lighters  were 
used  in  Santiago  harbor. 

Roj'alties  were  advanced  materially  during  the  war  period.  Before 
the  war,  SI  per  ton  was  usual,  and  some  leases  were  made  for  80 
cents.  The  figures  for  1918  ranged  from  SI. 50  to  $2.50.  In  one 
instance  a  sliding  scale  was  used,  based  on  the  delivered  value  of 
the  ore.  This  scale  started  at  SI, 75  for  ore  worth  S35  per  ton,  and 
advanced  25  cents  for  every  S5  additional  value  for  the  ore.  This 
meant  ai:)proximately  S2  for  40  per  cent  ore. 

The  foregoing  figures  are  assembled  for  convenient  comparison  in 

the  following  table : 

Manganese  ore  costs  in  Cuba. 

Mining  and  treatment $5. 00  to  $8. 00 

Hauling  to  railroad 2.  00  to  12.  00 

Cuban  railroad  freight 1.  00  to    2, 50 

Port  costs  and  charges 0.  75  to    1.  50 

Royalty 1.  50  to    2.  50 

The  two  largest  producers  in  Cuba  were  situated,  as  regards  the  bulk 
of  their  output,  directly  on  the  railroad  or  on  tram  lines  leading  to  it. 
This  factor  must  be  considered  with  others  in  estimating  the  average 
cost.     The  total  cost  of  ore  in  the  ship  is  taken  as  Sl-1  per  ton,  includ- 
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ing  the  above  items  and  some  further  miscellaneous  and  general 
charges.  It  is,  of  course,  understood  that  no  amortization  of  invest- 
ment is  included  in  this  figui'e. 

The  actual  costs  at  a  small  operation  whose  daily  output  was  12 
to  20  tons  of  hand-cleaned  shipping  products  were  as  follows: 

Detailed  costs  for  one  Cuban  operation. 

Mining  and  cleaning $6.  50 

Hauling  to  railroad 2. 05 

Surface  rights 80 

Miscellaneous  and  general 2.  00 

Railroad  freight  to  Cuban  port 2.  02 

Handling  into  ship 1.  50 

Total  per  ton  of  product 14.  87 

The  operators  owned  the  ore  deposit  and  therefore  paid  no  royalty. 
They  were  heavily  penalized,  however,  by  the  owners  of  the  surface. 

The  1916  costs  at  another  operation,  situated  on  the  railroad  and 
at  which  the  ore  was  Avashed  in  log  washers,  were  as  follows: 

Detailed  cost  at  another  Cuban  operation,  1916. 

Mining  and  washing §5.  50 

Miscellaneous  and  general 1.  00 

Sui'face  rights  and  royalty 1. 10 

Railroad  freight  and  switching 1.  79 

Handling  into  ship 72 

Total 10. 11 

The  costs  of  this  latter  operation  were  probably  $3  to  $5  higher 

during  1918. 

BRAZIL. 

Below  is  a  statement  of  costs  of  mining  m.anganese  ore  at  four 
operations  in  Brazil. 

Cost  data  from  four  operations  in  Brazil. 


Item. 

Operation. 

A. 

B. 

C. 

D. 

Mining,  f .  o.  b.  cars 

So.  00 

1.85 

1.50 

.63 

S4.00 

1.S.5 

1.50 

.65 

S5.00 

1.90 

a  5.35 

$5.00 

Export  tax 

1.85 

Railway  freight  rate  to  Rio  de  Janeiro 

O5.40 

Dockage  at  Rio  de  Janeiro 

Lighterage  at  Rio  de  Janeiro 

2.50 
.25 

2.50 

Transfer  from  narrow  to  broad  gage  railroad 

.25 

Haulage  to  station 

2.50 

9.00 

8.00 

15.00 

17.50 

a  Companies  C  and  D  are  handicapped  by  increased  freight  rates.    The  other  two  companies  are  still 
operating  under  old  contracts. 

In  addition  to  the  above  figures  a  States  tax  of  $3.20  was  imposed 
during  the  war.  Further,  royalty  charges  up  to  SI. 75  per  ton  were 
not  imcommon.  The  total  range  of  costs  for  Brazilian  ore  into  ship 
would  therefore  be  S12  to  $22.50  per  ton.     As  the  low  cost  is  for 


COSTS   OF   FOREIGN   ORES.  105 

one  of  the  largest  and  most  important  mines,  it  is  probablj'  that  a 
weighted  average  wouhl  1)0  approximately  S15. 

OCEAN  FREIGHT  RATES. 

Freight  rates  on  manganese  ores  from  Brazil,  Cuba,  and  India 
to  the  United  States  and  England  are  given  below: 

Freight  rates  on  manganese  ores  by  vessel  to   United  States  and  England. 

Pre-war,  India  to  the  United  States $4.  32 

Do.  India  to  England 3.  84 

Do.  Brazil  to  the  United  States  or  England 2.  88 

Do.  Cuba  to  the  United  States 1.50  to  2.50 

1916,  Brazil  to  the  United  States 5.  50  to  6.  50 

1918,  Brazil  to  the  United  States 15.  00 

1918,  Cuba  to  the  United  States 9.  50 

The  rates  of  S9.50  and  $15  per  long  ton  of  manganese  ore  may  be 
taken  as  representative,  respectively,  for  Brazil  and  Cuba  during 
1918.  These  figures  are  just  about  five  times  the  pre-war  rates. 
It  is  understood  that  they  include  insurance. 

The  average  rail  freight  during  the  war  from  Atlantic  seaboard 
to  consumer  was  probably  about  S3  per  long  ton. 

SUMMARY  OF  COST  OF  FOREIGN  ORES. 

Assembling  the  foregoing  figures,  we  have  a  total  estimated 
average  cost  for  ore  delivered  at  the  furnace  in  1918  of  S23.50  for 
Cuba  and  S30  for  Brazil.  On  a  unit  basis  this  would  be  62  cents 
for  Cuba  (for  ore  containing  38  per  cent  manganese)  and  67  cents 
for  Brazil  (for  ore  containing  45  per  cent  manganese). 

DISCUSSION  OF  FUTURE  POSSIBILITIES. 

Before  the  war  such  ore  as  was  shipped  from  Cuba  was  of  a  higher 
grade  than  that  mined  during  the  war,  and  was  sold  at  the  Atlantic 
seaboard  for  $10  to  $12  per  ton,  or  for,  say,  $8  to  $10  per  ton  into  ship 
at  a  Cuban  port.  This  was  very  close  to  the  average  cost  at  that 
time.  It  is  not  likely  that  the  cost  of  ore  from  Cuba  wiU  drop  in 
the  future  much  below  $11  to  $12,  but  it  is  certain  that  ocean  freights 
will  drop  materially,  not  improbably  to  the  pre-war  figure. 

On  this  assumption  we  may  expect  to  see  Cuban  ores  reach  the 
United  States  Atlantic  seaboard  in  the  not  remote  future  at  a  cost 
of  about  $13.50,  or,  say,  $16.50  a  ton  delivered  at  the  furnace  if  the 
United  States  rail  freight  is  not  reduced.  The  quality  of  the  ore, 
in  order  to  be  saleable,  will  have  to  be  better  than  it  was  during 
1918.  If  it  contains  an  average  of,  say,  41  units  of  manganese, 
the  estimated  future  cost  delivered  to  the  furnace  becomes  40  cents 
per  unit. 

The  Brazilian  problem  is  somewhat  more  complicated,  as  it  is 
uncertain  what  will  be  done  bv  the  Brazilian  Federal  and  State 
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Governments  with  regard  to  the  present  high  taxes.  Other  Brazihan 
costs  will  probably  not  be  much  reduced.  If  we  assume  that  the 
taxes,  which  in  1918  amounted  to  practically  S5  per  ton,  are  reduced 
two- thirds,  the  estimated  average  cost  of  $15  becomes  $11,67,  or 
say  $11.50  to  include  some  possible  slight  reduction  in  other  directions. 
It  is  interesting  to  compare  tliis  estimate  with  the  selling  price 
of  Brazilian  ores  at  Rio  de  Janeiro  in  former  years,  which  were  as 

follows : 

Selling  prices  of  Brazilian  ores  at  Rio  de  Janeiro,  1914-1918. 

Selling  price    Approximate 
Year.  per  ton,  ries.    equivalent. 

1914 22,^000  $7.50 

1915 29,  $000  10. 00 

191G 55,  §000  13.50 

1917 93,  $000  23.25 

1918 117,  $000  29.25 

The  real  difference  in  the  future  will  come  in  the  matter  of  ocean 
freights.  If  these  drop  to  nearly  their  former  level,  it  should  be 
possible  to  deliver  Brazilian  ores  to  the  United  States  consumer  for 
approximately  $18.50  per  ton.  This  figm'e  includes  $13.50  for  cost 
into  ship  at  Rio  de  Janeiro,  $3  ocean  freight,  $1,  say,  for  insurance, 
and  $3  for  United  States  rail  freight  to  the  furnace. 

Brazilian  ores  reacliing  this  country  were  formerly  of  higher  grade 
than  those  imported  during  the  war.  If  the  grade  now  improves 
slightly,  say  to  46  per  cent  manganese,  the  estimated  average  future 
miit  cost  becomes  40  cents. 

Thus  it  may  fairly  be  expected  that  both  Brazilian  and  Cuban 
ores  can  before  long  be  delivered  to  the  United  States  consumer  for 
about  40  cents  per  unit.  At  an  ec[ual  price,  Brazilian  ore  wiU  always 
have  the  preference  owing  to  the  higher  content  of  metallic  man- 
ganese. 

COMPARISON    OF    DOMESTIC    AND   FOREIGN  COSTS. 

The  estimated  average  costs  for  manganese  ores,  per  long  ton  de- 
livered to  the  consumer,  are  compared  in  the  following  table: 

Estimated  average  costs  of  manganese  ores  delivered  to  the  consumer  during  1918  and  in 

thefuture. 


Estimated  average  cost  during  1918. 

Estimated  average  cost  in  the  future. 

Kind  of  ore. 

Cost  per 
long  ton. 

Average 

mangaQese 

content, 

per  cent. 

Cost  per 
unit,  cents. 

Cost  per 
long  ton. 

Average 

manganese 

content, 

per  cent. 

Cost  per 
unit,  cents. 

Domestic: 

$16. 35 
29.70 

23.50 
30.00 

36.5 
41.0 

3S.0 
45.0 

4.5.0 
70.7 

62.0 
67.0 

$14.  75 
24.65 

16. 50 

18.50 

36.5 
41.0 

41.0 
46.0 

40.4 

Oxides 

eao 

Foreign: 
Cuba 

40.0 

Brazil 

40.0 
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This  comparison  indicates  that  the  oxide  ores  could  not  compete 
^\•ith  foreign  ores  even  when  protected  by  high  ocean  freights.  Had 
foreign  ores  moved  freely  and  been  sold  at  strictly  competitive 
prices,  the  domestic  manganese  industry  could  not  have  developed 
except  perhaps  in  certain  more  favored  districts  in  the  Southern 
States,  and  in  the  Butte  district  (carbonate  ores).  The  urgent 
need  for  divertmg  shippmg  into  other  channels,  with  the  consequent 
restrictions  and  embargoes  on  imports,  together  with  the  fixmg  of 
high  prices  in  order  to  stimulate  production  to  replace  such  imports, 
created  highly  artificial  conditions  which  practicall}'  removed  the 
element  of  competition.  In  short,  the  ores  had  to  be  had  ''at  any 
price." 

The  comparison  further  shows  that  when  ocean  freight  rates 
return  to  more  nearly  their  normal  level,  even  the  most  favored 
oxide  ores,  as  well  as  the  carbonate  ores,  will  have  hard  going  in  a 
competitive  field. 

Looking  into  the  more  remote  future,  it  is  not  im])Ossible  that  the 
costs  of  Cuban  and  Brazilian  ores  will  have  to  be  reduced  still  further 
in  order  to  compete  with  Indian  and  Russian  ores,  thereby  placing 
domestic  ores  at  a  still  greater  disadvantage  unless  domestic  costs 
are  correspondingly  decreased. 

It  must  furthermore  be  remembered  that  at  the  same  price  per 
imit  the  higher  grade  ore  will  always  have  the  preference.  This  fact 
is  reflected  in  the  invariable  sUding  scale  of  prices,  the  higher  price 
per  unit  being  paid  for  the  higher  grade  ore.  In  smeltmg  manganese 
ore,  not  only  does  it  cost  money  to  melt  and  remove  the  impurities 
as  slag,  but  the  loss  of  manganese  is  more  or  less  directly  propor- 
tionate to  the  volume  of  the  slag.  Domestic  ores,  being  generally  of 
lower  grade  than  foreign  ores,  command  a  lower  price. 

Other  factors  which  militate  against  domestic  ores  m  competition 
with  foreign  ores  are  that  they  are  variable  in  grade  while  foreign 
ores  are  far  more  uniform,  and  their  production  is  irregular  while 
the  foreign  supplies  are  generally  dependable. 
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By  P.  H.  RoYSTER.  ^ 


INTRODUCTORY    STATEMENT. 

This  chapter  gives  data  collected  by  the  Bureau  of  Mines  on  the 
operation  of  blast-furnace  plants  in  the  United  States  producing 
manganese  alloys.  This  information  should  be  of  value  to  the  fur- 
nace operator;  certainly,  without  necessarily  agreeing  with  any  gen- 
eralizations and  conclusions  introduced,  he  can  determine  from  the 
data  assembled  in  Table  17  what  has  been  done  by  others  with  raw 
materials  and  furnace  conditions  approximating  his  own,  provided 
comparable  combinations  can  be  found  in  the  results  presented. 

The  operation  of  a  blast  furnace  even  for  making  pig  iron  is  highly 
empirical.  Past  furnace  records  and  previous  experience  are  nearly 
as  necessary  to  successful  operation  as  good  coke  and  a  hot  blast. 
As  in  the  past,  the  production  of  manganese  alloys  in  this  country 
has  been  comparatively  small,  and  most  of  the  men  in  charge  of  man- 
ganese furnaces  have  had  relatively  little  experience  on  such  ores. 
Hence,  the  information  obtainable  from  the  few  records  extant  is 
presented  herein  in  considerable  detail,  to  compensate  in  part  for  the 
paucity  of  data  that  can  be  consulted  by  furnace  operators. 

The  attempt  has  been  made  to  have  this  investigation  cover  the 
widest  possible  range  of  materials  and  operating  conditions.  Data 
from  18  furnaces  will  be  found  in  the  tables  following.  The  infor- 
mation was  obtained  in  the  summer  of  1918,  and  includes  every 
furnace  in  blast  that  was  making  manganese  alloys,  with  the  excep- 
tion of  the  furnaces  of  the  Carnegie  Steel  Co.,  and  of  the  Lavino  Co., 
which  were  unwilling  to  cooperate  in  the  investigation.  The  com- 
panies which  by  their  generous  cooperation  have  made  the  report 
possible  are  the  American  Manganese  Co.,  Bethlehem  Steel  Co., 
B.  &  B.  Trading  Co.,  Buffalo  Union  Furnace  Co.,  Colorado  Fuel  and 
Iron  Co.,  Jolm  B.  Guernsey  &  Co.,  Donner  Steel  Co.,  E.  E.  Marshall, 
Miami  Metals  Co.,  New  Jersey  Zinc  Co.,  Seaboard  Steel  &  Manganese 
Corporation,  Southeastern  Iron  Corporation,  and  Wharton  Steel  Co. 

1  Assistant  physicist  of  the  Bureau  of  Mines,  with  headquarters  at  the  mining  experiment  station  at 
Minneapolis,  Miim.  The  investigation  reported  in  tliis  chapter  was  made  in  cooperation  with  the  School 
at  Mines  of  the  University  of  Minnesota. 
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FURNACES    INVESTIGATED. 

The  18  furnaces  investigated  have  been  assigned  letters  and  are 
designated  throughout  this  report  by  these  letters.  The  physical 
dimensions  of  14  of  these  furnaces  are  given  in  Table  16  following. 

Table  1G. — Dimensions  of  14  of  the  IS  blast  furnaces  investigated. 
[All  dimensions  in  feet.] 


Furnace. 

Distance 

from 

stock 

line  to 

tuyeres. 

Bosh 
diam- 
eter. 

Hearth 
diam- 
eter. 

Stock- 
line 

diam- 
eter. 

Distance 
from 

tuyeres 
to  hearth 

bottom. 

Bosh 
height. 

A         

62.1 
5.5.0 
66.2 
5.5.8 
63.5 
57.8 
63.0 
53.6 
55.3 
67.4 
63.0 
(7) 
65.5 
6G.0 

13.4 
TO.  5 
14.3 
14.8 
16.0 
15.2 
18.0 
17.0 
18.5 
18.3 
18.6 
17.7 
17.5 
19.0 

S.8 
9.5 
9.5 
9.5 
10.0 
10.5 
11.5 
12.5 
12.5 
13.0 
13.2 
11.0 
12.5 
13.0 

!?! 

10.0 
10.0 
10.0 
12.5 
13.5 
13.0 
12.5 
12.5 
14.5 
13.0 
12.9 
13.0 

5.9 
(?) 
5.0 
8.3 
6.5 
7.6 
8.3 
5.7 
7.6 
15.9 
6.0 
(?) 
6.3 
6.0 

8.8 

B 

11.2 

C 

9.3 

D 

17.7 

E                                                            

(?) 
12.5 

F 

G   

12.1 

TI 

12.8 

I 

12.0 

J 

12.5 

K 

14.0 

0 

11.9 

Q 

12.5 

r::;:::;::::::::::. ...:.:.:::...:::..:::.. 

12.5 

COLLECTION    OF    DATA. 

CHARACTER. 

On  every  visit  of  the  Bureau  of  Mines  field  party  to  the  different 
furnaces  the  companies  have  opened  for  inspection  all  the  furnace 
records,  charge  sheets,  and  chemical  analyses  in  their  possession. 
Periods  of  ten  days'  continuous  operation  were  selected  during  which 
the  various  factors  of  blast  temperature,  silicon  in  the  alloy,  man- 
ganese in  the  slag,  etc.,  were  relatively  constant,  and  all  the  figui'es 
applicable  to  such  a  period  were  copied  and  averaged.  The  average 
figures  for  such  10-day  periods  constituted  the  data  on  a  single 
"experiment"  or  "run."  The  guiding  principle  in  the  selection  of 
the  experimental  periods  was  to  cover  the  extreme  range  of  furnace 
conditions;  for  example,  operation  with  high  and  low  grade  ores,  and 
with  both  high  and  low  blast  temperature. 

COMPLETENESS. 

The  information  obtainable  without  undue  trouble  from  a  blast 
furnace  includes  the  chemical  analyses,  the  physical  condition,  and 
the  weights  of  the  ores,  stone,  coke,  coal,  scrap,  and  wind  charged  and 
of  slag,  metal,  dust,  gas  and  scrap  produced,  \\'ith  the  temperature 
observable  in  the  hearth,  the  temperature  of  the  blast  entering  the 
furnace,  and  the  temperature  of  the  metal,  slag,  and  gas  coming  out 
of  the  furnace.  Even  with  the  aid  of  such  data,  it  is  seriously  to  be 
doubted  whether  anything  like  a  complete  description,  of  what  takes 
place  in  a  furnace  can  be  given.  In  the  present  investigation,  the 
data  obtained  fell  short  of  what  must  be  considered  essential  to  a 
complete  understanding  of  the  smelting  problem.  Information 
regarding  gas  analyses,  moisture  in  the  blast,  the  amount  and  the 
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analysis  of  the  dust  blown  from  the  furnace  was  not  obtainable  in  any 
case.  i\jialyses  of  coke,  by  far  the  most  important  single  analysis  in 
the  whole  gioup,  were  rather  fragmentary.  Furthermore,  the  custom 
of  limitmg  the  slag  analysis  to  a  determination  of  silica,  alumina,  and 
manganese  is  ^videspread.  Natiu-ally  no  measurements  of  metal, 
slag,  or  tuyere  temperatures  had  been  made  by  the  companies;  nor 
had  any  gas  analyses  been  taken,  save  in  one  case.  The  bureau's 
field  party  made  a  limited  number  of  such  temperature  measure- 
ments at  six  furnaces  and  determined  also  the  CO  and  CO2  contents 
of  the  gas  at  five  furnaces.     On  the  Vv^hole,  however,  the  information 

was  far  from  complete. 

ACCURACY. 

Aside  from  pureh'  analytical  errors,  the  applicability  of  any  given 
analysis  is  questionable  for  two  reasons:  (a)  The  sample  analyzed 
may  not  have  been  representative  of  the  pile  or  car  from  which  it  was 
taken;  (h)  the  furnace  records  failed  to  give  any  connecting  link 
between  car  and  pile  anah'sis  and  the  material  charged  on  any  given 
day.  Coke  was  charged  by  volume  and  not  by  weight,  making  diffi- 
cult an  estimation  of  the  weight  of  carbon  charged.  It  is  obvious  that 
greater  accurac}'  would  be  obtained  from  experimental  periods  taken 
over  a  whole  month  or,  better,  six  months.  It  must  be  remembered, 
however,  that  differences  in  operating  conditions  were  being  sought 
and  long-period  averages  flatten  out  most  of  the  variations  from 
which  it  was  hoped  to  obtain  information. 

In  a  number  of  runs,  it  was  possible  to  obtain  samples  of  slag, 
metal,  stone,  and  ore,  which  were  reanalyzed  by  the  bureau's  chemists. 
No  detailed  comparisons  are  given  here  but  the  combined  effect  of  all 
the  differences  in  the  analyses  introduces  in  the  manganese  balance 
an  average  uncertainty  of  about  15  per  cent.  Even  if,  therefore,  the 
blast  furnace  were  a  precise  and  sensitive  heat  engine  %vith  a  number 
of  definite  relations  existing  between  its  operating  quantities,  it  is 
not  to  be  hoped  that  these  relations  could  be  determined  from  the 
kind  and  quantity  of  data  collected  here. 

TABULATED  OPERATING  DATA. 

Data  on  ferromanganese  production  were  obtained  from  11  fur- 
naces, and  are  presented  in  Table  17  in  the  form  of  40  10-day  periods. 
Similiar  data  from  10  furnaces  making  speigeleisen  are  presented  in 
Table  18,  in  the  form  of  30  10-day  periods.  The  data  in  these  tables 
are  classified  imder  23  items  as  applied  to  each  of  the  70  periods. 

Items  1,  2,  2a,  and  3  give  figures  on  the  ore,  coke,  coal,  and  stone 
charged,  the  miits  being  in  pounds  per  ton  of  2,  240  pounds  of  aUoy 
made.  Items  4,  5,  and  6  give  a  partial  analysis  of  the  ore  mixtm-e. 
Item  7  shows  the  tons  of  alloy  made  in  24  hours  (not  including  scrap 
made) .  Item  8  gives  the  slag  weight  as  calculated  by  the  bureau  and  is 
a  rather  uncertain  quantity.  Two  methods  of  calculating  the  weight 
of  the  slag,  both  of  which  should  give  the  same  answer,  are  as  follows: 


T.VBULATED   OPERxVTIXG    DATA.  Ill 

Method  1. 
I  If  a=per  cent  base  in  stone, 

6=weight  of  stone, 

c=per  cent  base  in  slag; 
assuming  there  is  no  appreciable  base  in  the  coke  or  oro,  then 

Slag  weight=^  (1) 

Method  2. 
If  (/=per  cent  silica  in  ore 
f =\veight  of  ore 
/=per  cent  silica  in  stone 
r^^weight  of  stone 
^=per    cent  silica  in  coke 
i=weight  of  coke 

j=0  .478  X  per  cent  silicon  in  metal 
i=per  cent  silica  in  slag,  then 

Slagxveight^^y^f^'^'  ■  (2) 

On  account  of  the  various  errors  and  omissions  in  the  weights  and 
analyses  involved,  it  is  unusual  to  find  any  close  agreement  between 
the  results  of  the  two  equations;  in  some  computations  the  slag 
weight  may  be  given  as  2,500  pounds  by  equation  1  and  as  3,500 
pounds  by  equation  2,  Each  value  under  item  8  is  the  average  of  the 
two  answers  resulting  from  equations  1  and  2. 

Metal  analyses  for  Mn  and  Si  are  given  by  items  9  and  10.  The 
largest  disagreement  in  checking  manganese  in  the  metal  was  10  per 
cent,  and  in  checking  Si,  1.1  per  cent.  Values  for  the  tepaperature  of 
the  blast  and  of  the  top  gas  appear  in  items  11  and  12.  For  a  given 
furnace,  these  have  some  significance.  A  comparison  of  figures  for 
different  furnaces  should  be  made  cautioush',  however.  At  sorpe 
furnaces,  the  pp'ometer  will  indicate  a  blast  temperature  of  1650°  F. 
with  a  black  blowpipe;  at  others  the  pyrometer  will  show  only  1350" 
F.  with  a  red-hot  blowpipe. 

Still  less  importance  should  be  attached  to  the  wind  blo^vn  per 
minute  as  given  by  engine  displacement  in  item  13.  In  period  1 
on  furnace  A  12  pounds  of  carbon  per  minute  was  charged  and  12,870 
cubic  feet  of  air  per  minute  indicated.  This  is  105  cubic  feet  of  air 
per  pound  of  carbon.  Even  with  no  carbon  blown  out  as  dust, 
none  taken  up  by  the  metal,  and  none  absorbed  in  the  stack,  this 
means  a  tuyere  combustion  producing  35  per  cent  COg,  which  is 
impossible.  I 

Items  14  to  18  show  the  slag  analysis.  In  a  number  of  calcula- 
tions the  lime  and  magnesia  had  to  be  computed  together  by  differ- 
ence. Item  19  gives  the  fixed  carbon  in  the  coke  and  coal  charged 
per  ton  of  metal.  Items  20  to  23  give  the  manganese  balance. 
Item  23  shows  the  percentage  of  the  manganese  not  accounted  for  by 
that  in  the  metal  and  in  the  slag.  This  figure  includes  practically  every 
error  in  weights,  analyses,  and  computations  in  the  preceding  22 
items  and  is  undoubtedly  the  least  satisfactory  figure  in  the  table: 
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DISCUSSION    OF    DATA    ON   FEREOMANGANESE    PRACTICE. 
GENERAL  DESCRIPTION  OF  FERROMANGANESE  PRODUCTION. 

No  specific  information  on  the  production  of  ferromanganese  in 
the  blast  furnace  is  available  in  technical  literature.  Certain  prin- 
ciples are  generally  understood  to  be  true;  these  probably  being: 
(a)  The  blast  temperature  should  be  high,  (b)  the  slag  should  be 
basic,  (c)  the  hearth  temperature  should  be  high. 

HIGH    BLAST    TEMPERATURE. 

Table  17  shows  that  temperatures  as  low  as  735°  F.  hare  been 
used.  The  temperature  for  all  40  runs  was  only  1,135°  F.  In  1876, 
ferromanganese  was  made  at  the  Diamond  furnace,  Cartersville,  Ga." 
A  cold  blast  driven  by  a  water  wheel  through  a  single  3-inch  tuyere 
was  employed.  In  making  a  ton  of  55  per  cent  ferromanganese, 
6,050  pounds  of  siliceous  native  ore,  with  35  per  cent  !Mn,  was  used, 
indicating  a  58  per  cent  recovery.  Comparing  this  with  period  22, 
furnace  J,  Table  12,  where  a  manganese  recovery  of  only  55  per  cent 
was  made  with  1,100°  F.  blast  temperature  and  a  35  per  cent  ore,  it 
will  be  seen  that  whatever  economy  results  from  the  hot  blast,  it  has 
not  been  found  at  all  necessary  to  actual  and  profitable  operation. 

BASIC    SLAG. 

The  average  ferromanganese  slag  represented  in  Table  17  has  the 
composition  41.7  per  cent  base,  14  per  cent  alumina,  28.1  per  cent 
silica,  and  10.6  per  cent  manganese.  The  average  pig-iron  slag* 
runs  48.7  per  cent  base,  13.1  alumina,  and  35.3  silica.  If  a  "more 
basic  slag"  means  that  the  percentage  of  base  is  greater,  then  the 
ferro  slag  is  7  per  cent  less  basic  than  the  pig-iron  slag.  This  method 
of  comparison,  however,  is  hardly  proper.  The  function  of  the  ferro 
furnace  is  to  reduce  the  MnO  from  the  slag  and  leave  a  practically 
irreducible  calcium  and  magnesium  aluminosilicate.  This  reduction 
is  never  complete.  What  actually  exists  may  be  considered  to  be 
reducible  MnO  as  a  solute  dissolved  in  the  quarternary  mixture  of 
irreducible  oxides  (CaO,  IMnO,  AI2O3,  SiOj)  as  a  solvent.  It  is  the 
composition  of  the  solvent  that  will  affect  the  extent  of  the  MnO 
reduction  reaction.  Compared  on  the  basis  of  base  4- alumina  +  sil- 
ica =  100  per  cent,  the  two  slags  analj-ze  as  follows: 

Analysis  of  pig^ron  slag  aiid  of  ferromanganese  slag. 

Ferro- 
Pig  iron,    manganese. 

Cases per  cent..  50.3        49.8 

Alumina do 13. 4        16.  7 

Silica do 35.3        33. 5 

a  Ward,  W.  P.,  Manufacture  of  ferromanganese  in  the  blast  furnace:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  5, 
February,  1876,  p.  611. 

b  Feild,  A.  L.,  and  Royster,  P.  H.,  Slag  viscosity  tables  for  blast-furnace  work:  Tech.  Paper  187,  Bureau 
of  Mines,  1918,  p.  17. 
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The  percentage  of  bases  is  identical  for  the  two  slags.  The  only 
(lifforence  is  that  the  ferromanganese  slag  carries  a  little  more  alumina 
and  a  little  less  SiOz-  This  difference,  moreover,  is  due  to  the  charac- 
ter of  the  materials  used  and  is  not  the  result  of  any  metallurgical 
design. 

HIGH    HEARTH    TEMPERATURE. 

At  furnaces  A,  B,  F,  I,  J,  and  K,  temperatures  were  taken  by  means 
of  several  Leeds  &  Xorthrup  optical  pyrometei-s,  with  telescope  sighted 
(1)  thi'ough  the  tuyeres  both  with  and  without  a  tuyere  glass  inter- 
posed; (2)  on  the  surface  of  the  slag  at  flush;  and  (3)  on  the  surface 
of  the  metal  at  cast.  As  was  to  be  expected,  the  temperatures  ob- 
served opposite  the  tuyeres  varied  over  a  rather  wide  range.  To 
indicate  the  normal  temperature  variation  in  practice,  the  following 
comparison  was  made:  Two  hundred  individual  readings  taken  at 
seven  furnaces,  chosen  to  give  a  minimum,  averaged  1,438°  C.  These 
measurements  at  each  furnace  were  read  by  at  least  two  observers, 
with  either  two  or  three  separate  pyi-ometer  sets,  through  two  or 
more  tuj-eres,  and  at  five  well  separated  periods  of  time  scattered 
through  two  to  five  days.  The  same  sort  of  an  average  selected  to 
give  a  maximum  read  1,653°  C.  The  difference  between  the  maxi- 
mum and  minimum  here  can  not  well  be  attributed  to  any  unusual 
furnace  operation  or  to  errors  of  observations  or  to  instrumental 
errors.  In  the  face  of  these  figures,  it  must  be  accepted  that  as  fur- 
naces are  run  at  present,  a  day-to-day  variation  of  225°  C.  in  hearth 
temperature  is  not  abnormal. 

Laboratory  tests  strongly  indicate  that  1,265°  C.  is  the  lowest 
temperature  at  which  MnO  is  reducible  by  either  carbon  or  carbon 
monoxide.  The  lowest  practical  hearth  temperature  therefore  may 
safely  be  set  at  1,350°  C.  Superpose  a  variation  of  225°  C.  on  this 
minimum  and  the  limits  read  1,350°  and  1,575°  C.  The  maximum 
tuyere  readings  at  the  hottest  furnace  observed  averaged  1,750°  C. 
The  minimum  readings  at  the  coldest  furnace  observed  averaged 
1,375°  C.  Where  a  temperature  phenomenon  such  as  this  covers 
almost  the  whole  range  of  practicable  metallurgical  temperatures, 
there  is  no  room  left  on  the  temperature  scale  which  the  ferro  furnace 
can  monopolize  as  exclusively  its  own.  Average  temperatures  taken 
on  these  seven  furnaces  were  approximately  as  follows,  the  tuyere 
readings  being  corrected  for  the  absorption  by  the  tuyere  sight  glass 
when  present  and  the  temperature  of  the  metal  and  slag  corrected 
for  emissivit}"  as  given  by  Burgess:  "• 

Temperature  opposite  tuyeres 1,  550 

Temperature  of  metal  at  cast 1;  386 

Temperature  of  slag  at  flush 1, 426 

a  Burgess,  G.  K.:  Temperature  measurements  in  Bessemer  and  open-hearth  practice:  Bureau  of  Stand- 
ards Technologic  Paper  91, 1917,  pp.  8-9. 
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EESUME    OF    COXDITIONS    IN    FERROMAXGAXESE    FURNACE. 

It  has  been  shown  that  in  changing  a  furnace  over  from  iron  to 
ferromanganese  it  is  neither  necessary  nor  usual  to  raise  the  blast 
temperature,  to  increase  the  basicity  of  the  slag,  or  to  run  with  a 
hotter  hearth. 

True,  there  are  certain  resultant  changes  in  the  practice,  the  most 
important  one  being  that  the  coke  requirements  are  tripled.  The 
daily  tonnage  is  reduced  to  about  one-third;  the  top  temperature 
rises  to  about  1,000°  to  1,500°  F. ;  the  carbon  monoxide  content  of 
the  toi>  gas  is  increased  about  50  per  cent;  and  the  blast  pressure 
drojDs  to  3  to  8  pounds  per  square  inch.  The  operation  of  the  furnace 
becomes  easier;  stock  descends  without  hanging,  slips  become  infre- 
quent, fewer  tuyeres  burn  out,  sulphur  is  taken  care  of  completely 
as  MnS  in  the  slag,  and  further,  there  are  no  silicon  requirements  to 
be  met.  All  furnace  difficulties  practically  resolve  themselves  into 
one  problem — to  get  into  the  metal  the  maximum  percentage  of  the 
manganese  charged. 

THEORY  AS  TO  FUEL  REQUIREMENTS  FOR  PRODUCING  FERRO- 
MANGANESE. 

A  number  of  heat  balances  with  values  in  B.  t.  u.  have  been  pub- 
lished on  the  iron  furnace,  but  it  seems  hardly  justifiable  to  construct 
a  heat  balance  for  the  ferro  furnace  for  comparison,  for  the  follow- 
ing reasons:  At  room  temperature,  the  heat  of  combustion  of  C  +  Oj 
to  CO,  is  either  4,250  or  4,430  B.  t.  u.  per  pound  of  C;  at  1,500°  C. 
it  is  either  4,550  or  4,950  B.  t.  u.,  depending  on  the  authority  selected. 
There  is  a  wide  lack  of  agreement  among  the  few  existing  determina- 
tions of  the  heat  of  combustion,  and  greater  lack  of  agreement  among 
the  experimental  values  for  the  specific  heat  of  carbon,  of  oxygen, 
and  of  CO.  At  600°  C.  the  specific  heat  of  carbon  may  be  0.31  or 
0.44.  At  met allurgic ally  interesting  temperatures  (between  1,400° 
and  1,800°  C),  the  discrepancy  in  figm-es  for  the  total  heat  of  carbon 
is  about  30  per  cent. 

The  specific  heat  of  CO  and  of  X2  at  1,600°  C.  may  be  either  0.266 
or  0.298.  For  the  iron  furnace  the  heat  imparted  to  the  gaseous 
products  of  reaction  per  pound  of  metal  is  either  972  or  1,280  B.  t.  u. 
The  rise  in  temperature  of  gases  above  that  of  the  burning  coke  is, 
therefore,  either  696°  or  1,070°  F.,  54  per  cent  discrepancy.  The 
continued  reprinting  of  some  arbitrarily  selected  figure  for  the  neces- 
sary thermal  constants  is  both  practically  and  scientifically  objec- 
tionable and  tends  almost  invariably  to  erroneous  conclusions. 

It  is  possible,  however,  to  give  an  idea  of  the  reason  for  the  differ- 
ence between  the  fuel  requirements  of  the  iron  and  those  of  the 
ferromanganese  furnace  and  yet  avoid  excessive  accumulation  of 
meaningless  B.  t.  u.  figures.     The  comparison  following  is  of  interest. 
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Comparative  operaling  data  for  pUj  iron  furnace  and  for  ferromanganese  furnace . 

I'ig  iron.  Ferromanganese. 

Carbon  charged,  pound;< 1-  727  5,  524 

Stone  charged,  pounds 084  2,  340 

Slag,  pounds  per  ton 1.  HiO  3. 19C 

Gas  analysis: 

CO2  (by  weight),  per  cent 21. 43  10.  44 

CO,     per    cent 23.13  31.00 

N,  per  cent 55.  02  58.  36 

Blast  temperature,  °C 555  613 

Top  temperature,  °C 204  363 

The  figures  for  the  iron  furnace  are  the  averages  for  eight  of  the 
largest  blast  furnace  plants  hi  the  country.  The  figures  for  the 
ferro  furnace  are  the  averages  from  Table  17.  The  calculations  of 
the  weight  of  the  blast  and  of  the  gas  and  the  determination  of  the 
amount  of  carbon  absorbed  by  COg  and  that  burned  at  the  tuyeres 
for  the  ferro  furnace  are  given  in  Table  19  following. 

Table  19. — Selected  data  on  operation  of  ferromanganese  blastfurnaces. 

Pounds. 

Carbon  chained  per  ton  of  alloy 5,  523 

Carbon  combined  \dth  metal  (6.5  per  cent  C) 145 

Carbon  blown  out  of  stack  as  dust  (9.6  per  cent  assumed) 530 

Carbon  available  as  fuel 4,  848 

Carbon  from  COo  in  stone 263 

Total  carbon  gasified 5,  111 

Carbon  in  top  gas  by  weight,  per  cent 0. 1615 

Top  gas  weight  (per  ton  of  alloy:  5, 111-^0.1615) 31,  647 

Weight  of  N2  in  top  gas:  (0.5836X31,647) 18.  409 

Weight  of  air  blast:  (18,469-J-0.7672) 24,  073 

Weight  of  O2  in  blast:  (24,073X0.2310) 5,  561 

Weight  of  carbon  bui-ned  at  tuyeres:  (5,561-4-1.333) 4, 172 

Carbon  absorbed  in  stack  (4,848-4,172) 576 

The  two  most  important  thermal  reactions  in  the  blast  furnace  are: 

(1)  C  +  0  =  CO +  4,450  (or  4,950)  B.  t.  u.  per  pound  of  C 

(at  1,G00°  C). 

(2)  C02  +  C  =  2CO  + 5,410  (or  5,900)  B.  t.  u.  per  pound  of 

C  (at  850°  to  1,300°  C). 

In  reaction  1  both  the  carbon  and  the  oxygen  are  supposed  to  be 
at  the  temperature  of  the  solid  stock  in  the  combustion  zone.  As 
already  shown  tliis  temperature  is  probably  1,550°  C.  for  the  ferro 
furnace  and  1,590°  C.  for  the  iron  furnace.  Subtracting  from  the 
total  heat  of  the  reaction  sufficient  heat  to  bring  the  blast  up  to 
the  temperature  of  the  solid  stock  in  the  combustion  zone  gives  a 
net  heat  to  the  gaseous  product  of  reaction  of  972  (or  1,280)  B.  t.  u. 
per  pound  of  metal  made  for  the  iron  furnace  and  of  3,690  (or  4,800) 
B.  t,  u.  for  the  ferro  furnace. 
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In  the  feiTo  furnace,  either  in  the  hearth,  at  the  tuyeres,  or  just 
above  them  all  the  manganese  in  the  metal  was  reduced  from  MnO. 
All  of  the  CO2  resulting  from  this  reduction  is  itself  reduced  by  solid 
carbon  to  CO;  there  is  involved  in  this  reaction  0.218  pound  of  car- 
bon per  pound  of  metal,  resulting  in  a  loss  of  1,180  (or  1,290)  B.  t.  u., 
leaving  2,500  to  3,500  B.  t.  u.  to  be  used  in  heating  the  ascending 
gas  above  the  temperatm-e  of  the  solid  stock.  The  ferro-furnace  gas 
weighs  12.6  pounds  per  pound  of  metal  and  the  iron-furnace  gas 
4.2  pounds.  Hence,  in  the  ferro  furnace  the  amount  of  heat  avail- 
able for  raising  the  temperature  of  the  gases  is  two  to  three  times 
greater  than  in  the  iron  furnace,  and  the  weight  of  gas  to  be  heated  is 
three  times  as  great.  The  rise  in  temperature,  therefore,  is  either 
the  same  or  less  in  the  ferro  furnace  than  in  the  iron  furnace. 

It  is  unwise  to  go  here  into  any  detailed  consideration  of  why  it 
is  necessary  to  heat  the  ascending  gas  to  this  rather  definite  but 
somewhat  unknown  elevation  above  the  temperature  of  the  descend- 
ing stock.  It  may  be  pointed  out,  however,  (a)  that  some  250  tons 
of  solid  stock  must  be  heated  from  70°  F.  to  above  2,800°  F.  in  24 
hours;  (b)  that  the  greater  part  of  this  stock,  being  coke  and  mineral 
oxides,  has  a  low  thermal  conductivity;  (c)  that  the  ascending  gas 
stream  does  not  have  a  chance  to  flow  around  ever}-  separate  piece 
of  coke,  stone,  and  ore;  and  (d)  that  the  transfer  of  heat  from  gas  to 
solid  is,  under  the  most  favorable  conditions,  a  slow  process.  In 
order  to  heat  the  stock  in  the  required  time,  therefore,  the  gases  must 
at  every  point  in  the  furnace  be  appreciably  hotter  than  the  stock; 
and  this  means  not  several  degrees  hotter  but  several  himdred  degrees 
hotter.  Thus,  the  4,165  pounds  of  carbon  burned  at  the  tuyeres 
in  the  ferro  furnace  gives  the  gas  stream  no  greater  temperature 
elevation  above  the  solid  stock  than  does  the  1,386  pounds  burned 
in  the  iron  furnace. 

COMPOSITION   OF    FURNACE   GAS. 

At  five  furnaces  samples  of  downcomer  gas  were  taken  and  analyses 
made  for  the  CO  and  CO2  contents.  The  results  obtamed  were  some- 
what variable  but  indicated  a  distinct  tendency  toward  what  might 
be  called  a  normal  composition. 

As  regards  oxygen  the  evidence  was  that  the  true  furnace  gas 
contains  no  oxygen.  Well  taken  samples  showed  0.0  to  0.2  per  cent. 
It  was  felt,  however,  that  this  oxygen  could  be  safely  attributed  to 
leakage  of  air  into  the  sample.  Where  the  conditions  of  sampling 
permit  the  chance  of  contamination  by  the  atmosphere,  the  oxygen 
content  might  be  as  high  as  1,0  per  cent. 

The  CO,  content  varied  between  the  extreme  limits  of  11,6  and 
3,5  per  cent,  with  averages  for  the  five  furnaces  of  6.7,  7.6,  7.1,  5.9, 
and  6.0  per  cent.     The  CO  content  varied  from  25.0  to  38.0  per  cent, 
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with  averages  for  the  five  furnaces  of  31.8,  34.2,  30.9,  30.0,  and  31.0 
per  cent.  The  average  analysis  for  the  five  furnaces  was  CO,,  G.67 
per  cent;  CO,  31.7  per  cent. 

Moissan"  records  an  analysis  of  gas  from  a  furnace  making  60 
per  cent  ferromanganese  as  CO2,  5.5  per  cent;  CO,  30.0  per  cent. 
This  run,  made  in  1S76,  was  one  of  the  earliest  attempts  at  the 
production  of  manganese  in  blast  furnaces. 

The  analyses  of  the  gas  from  nine  of  the  largest  iron  blast  furnace 
plants  in  the  country  show  the  following  CO  and  CO2  percentages: 

Percentages  of  CO  and  of  CO^  in  gas  from  nine  iron  blastfurnace  plants. 

CO2  CO. 

Furnace  1 12.  6  26.  0 

Furnaro  2 13.  2  25. 4 

Furnace  :? 13.  0  24.  3 

Furnace  4 16.  3  22.  8 

Furnace  .5 14.  3  24.  3 

Furnace  6 14.  9  23.  5 

Furnace  7 15.  6  23.  2 

Furnace  8 14.  6  24.  9 

Furnace  9 13.  3  25.  4 

The  average  complete  analysis  of  the  nine  samples  is: 

Average  analysis  of  gas  from  nine  iron  blast  furnaces. 

Per  cent       Per  cent 
by  volume,  by  weight. 

CO2 14.  34  21.  43 

CO 24.  32  23. 13 

CH4 36  .20 

Hj ; 3.16  .22 

N2 57.  82  55.  02 

Assuming  from  lack  of  better  information  that  the  Hj  and  CH^  con- 
tent of  the  gases  of  the  ferro  furnace  is  the  same  as  that  of  the  iron 
furnace,  and  estimating  the  X2  by  difference,  the  analysis  by  volume 
and  by  weight  of  ferro  gas  is: 

Assumed  average  analysis  of  gas  from  nine  ferro  furnaces. 

Per  cent       Per  cent 
by  volume  by  weight. 

CO2 6.  67  10. 44 

CO 31.17  31.  00 

CH^ 36  .17 

Hj 31.6  .21 

Nj 58.  64  58. 18 

"direct"  AXD  ''indirect"  REDUCTION. 

In  Table  19,  the  weight  of  the  furnace  gas  is  calculated  to  be 
31,647  pounds  per  ton  of  metal,  which  means,  from  the  above 
analyses,  3,300  poimds  of  CO,.     The  COj  from  2,341  pounds  of  the 

a  Moissan,  H.  H.,  Le  manganese  et  ses  composes.  End.  Chimique,  1886,  p.  26. 
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stone  is  968  pounds,  from  the  reduction  of  190  pounds  of  FcoOj,  156 
pounds,  and  from,  the  reduction  of  3,770  pounds  of  ^InOa  to  MnO 
by  CO,  1,885  pounds;  total,  3,009  pounds.  This  indicates  a  9.56  per 
cent  COj content  in  the  gas  as  against  10.44  percent  given  on  page  121. 
There  is  left  291  pounds  of  COj,  which  may  be  due  to  reduction 
of  !MnO  by  CO  in  the  lower  part  of  the  furnace,  to  carbon  deposition 
from  CO  in  the  upjDer  part  of  the  furnace,  or — more  likely — to  ex- 
perimental error  either  in  the  analyses,  or  in  their  application  to  the 
average  practice  given  in  Table  17.  The  evidence  points  closely  to 
a  100  per  cent  reduction  of  MnO  '^directly''  by  carbon.  • 

It  is  well  to  point  out  that  "direct"  reduction  by  carbon  probably 
means  nothing  of  the  kind.  As  in  most  important  metallurgical 
problems,  no  exj^erimcnt  yet  made  settles  this  question.  It  can  be 
assumed  that  the  reaction: 

IVInO  +  CO  =  Mn  +  CO,  (A) 

is  the  reaction  by  which  the  final  reduction  of  MnO  takes  place  at  a 
temj^eraturc  somewhere  between  1,265°  and,  say,  1,400°  C.  At  this 
temperature  the  following  reaction  takes  place,  almost  to  comple- 
tion, and  with  great  rapidity: 

C02  +  C  =  2CO  (B) 

Thus  the  result  of  the  two  reactions  going  on  simultaneously,  although 
not  necessarily  in  the  same  part  of  the  furnace,  gives  the  same  prod- 
ucts as  the  single  reaction: 

MnO  +  C  =  Mn  +  CO  (C) 

As  A  and  B  together  are  not  distinguishable  from  C  by  any  calcula- 
tion based  upon  gas  analysis,  one  must  be  content  to  realize  that 
either  of  these  two  reactions  may  be  the  one  that  takes  place. 

BURDENING  AND  DRIVING  THE  FURNACE. 

It  is  all  very  well  to  apj^ly  to  the  furnace  records  accepted  metal- 
lurgical theory,  but  practically  the  important  thing  is  to  have  at 
hand  something  definite  in  the  way  of  a  guide  to  burdening  and 
driving  the  furnace.  The  following  discussion,  therefore,  is  based 
exclusively  on  the  figures  in  Table  17  and  is  free  from  any  theoretical 
considerations  whatever.  It  is  an  attempt  to  establish  from  the 
whole  mass  of  data  certain  relationships  between  the  23  items  of 
each  run.  There  are  only  three  factors  that  the  furnace  operators 
can  change  at  will.  They  are  (1)  ratio  of  coke  and  ore;  (2)  ratio  of 
stone  and  ore;  and  (3)  quantity  of  wind  blown  per  minute.  It  is 
assumed  here  that  the  blast  temperature  is  kept  as  high  as  stove 
conditions  permit.  The  number  of  rounds  charged  and  the  tons  miadc 
per  day  are  decided  by  the  furnace  itself.  With  the  above  three 
factors  determined,  there  is  nothing  left  for  the  oi:)erator  to  do  but 
watch  the  furnace. 
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FUEL  KEQUIKEMENTS. 

Aside  from  the  relatively  constant  amount  of  fuel  needed  to  pre- 
heat, reduce,  and  melt  the  metal,  the  amount  of  carbon  fuel  reqmred 
per  ton  of  alloy  should  depend  upon  the  temperature  and  humidity 
of  the  blast,  the  weight  of  the  slag,  and  the  temperature  maintained 
in  the  combustion  zone  and  hearth.  That  is,  there  should  exist  a 
relationship  between  five  variables.  In  an  attempt  to  determine 
this  relationship  from  the  data  taken,  the  question  of  humidity  must 
be  dismissed  from  consideration,  not  necessarily  because  it  is  an  un- 
important factor  but  because  no  information  is  available  concerning 
it.  In  the  matter  of  hearth  temperatures,  no  direct  measurements 
are  at  hand;  the  pyrometer  observations  made  by  the  bureau's  in- 
vestigators covered  too  short  a  period  to  prove  of  material  assistance 
at  this  stage  of  the  investigation.  In  a  general  sense  the  silicon  in 
the  alloy  ma}^  be  regarded  as  a  thermometer,  but  for  a  given  hearth 
temperature  the  amount  of  silica  reduced  to  silicon  undoubtedly  de- 
pends on  a  number  of  other  factors,  including  probably  the  composi- 
tion of  the  slag  and  the  speed  of  operation.  The  best  indication  of 
the  temperature  of  the  hearth  is  given  by  the  amount  of  unreduced 
MnO  in  the  slag. 

The  following  procedure  was  adopted:  The  results  of  the  40  runs 
were  arranged  in  order  of  decreasing  slag  weight  and  placed  in  four 
groups.  The  averages  by  groups  appear  in  the  firsC  part  of  Table 
20.  The  results  were  also  arranged  in  the  order  of  decreasing  blast 
temperature,  being  again  placed  in  four  gi'oups  and  the  results  aver- 
aged by  groups.  The  averages  are  given  in  the  second  part  of 
Table  20  following. 


Table  20.— Results  of  furnace  runs  arranged  to  shoio  variation  of  carbon  fv^l  unth  tveight 

of  slag  and  with  blast  temperature. 

VARIATION  WITH  WEIGHT   OF  SLAG, 


Slag 
per  ton. 

Carbon 
per  ton. 

Blast 
tempera- 
ture. 

Carbon 
reduced 
to  blast 
tempera- 
ture of 
1,130°  F. 

Pounds. 
4,728 
3,334 
2,604 
2,120 

Pounds. 
6,410 
6,150 
4,830 
4,550 

"F. 
990 
1,080 
1,210 
1,220 

Pounds. 
6,224 
6,08:J 
4,936 
4,670 

VARLA.TION   WITH  BLAST   TEMPERATURE. 


Carbon 

Blast 

Carbon 

Slag 

reduced 

tempera- 

per ton 

per  ton 

to  3,250 

ture. 

of  alloy. 

of  alloy. 

pounds 
of  slag. 

'F. 

Pounds. 

Pounds. 

Pounds. 

1,358 

4,670 

2,700 

5,160 

1,210 

5,160 

3,000 

5,380 

1,077 

5,680 

3,400 

5,530 

802 

6, 400 

3,900 

5,S20 
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By  the  method  of  suGcessive  approximation  it  was  found  that 
1  pound  of  extra  slag  requires  0.88  pound  of  carbon,  and  1°  F.  extra 
blast   temperature  saves    1.33   pounds   of  carbon.     Written  in   the 

form  of  an  equation: 

Aa=4170+0.8S  y-L33   T  (1) 

Where 

A'a=pouncls  of  carbon  per  ton  of  alloy  used  by  the  average  furnace, 
V  =pounds  of  slag  per  ton  of  alloy, 
T  =blast  temperature  in  degrees  F. 

This  equation  shows,  for  a  given  slag  weight,  for  a  given  blast 
temperature,  and  for  average  humidity,  the  c[uantity  of  carbon 
required  to  heat  the  materials  in  the  hearth  to  the  average  hearth 
temperature.  As  has  been  shown,  this  temperature  is  probably 
about  1,550°  C,  but  it  is  better  not  to  place  too  much  confidence 
in  this  figure. 

It  is  of  course  possible  to  charge  either  more  or  less  carbon  than 
the  amount  given  by  equation  1.  The  average  hearth  temperature 
used  by  any  given  furnace  operator  means  merely  that  temperature 
found  by  experience,  or  assumed  from  lack  of  experience,  to  be  the 
most  desirable  to  maintain.  If  the  operator  decides  to  use  a  higher 
temperature  in  practice,  the  furnace  can  be  given  "excess  carbon," 
a  phrase  taken  to  mean  the  carbon  actually  charged  minus  the 
amount  indicated  by  equation  1.  When  excess  carbon  is  used,  the 
percentage  of  manganese  in  the  slag  will  be  lower,  provided  all  the 
other  conditions  remain  constant.  On  the  other  hand,  the  carbon 
charged  may  be  considerably  lower  than  that  given  by  ec^uation  1, 
with  a  resultant  hearth  temperature  lower  than  the  average. 

PERCENTAGE    OF    MANGANESE    IX    SLAG. 

Determination  of  the  percentage  of  manganese  that  goes  into  the 
slag  is  approached  in  the  same  manner  as  the  problem  of  fuel  require- 
ments, with  the  exception  that  there  must  not  be  any  "left  over" 
variable  such  as  excess  carbon  over  requirements.  The  operator  can 
at  his  own  free  will  charge  so  little  fuel  that  the  hearth  freezes,  or  he 
can  charge  so  much  fuel  that  he  bankrupts  the  owners.  The  per- 
centage of  manganese  in  the  slag,  however,  is  the  result  of  a  number 
of  metallurgical  phenomena  and  is  definitely  determined  by  the 
actual  furnace  facts. 

The  data  in  Table  17  show  that  the  percentage  of  manganese  in 
the  slag  depended  upon  the  following  factors: 

(1)  The  ratio  of  bases  to  silica  in  the  slag; 

(2)  The  hearth  temperature  as  determined  by  the  excess  or 
deficiency  of  fuel  above  or  below  that  indicated  in  equation  1 ; 

(3)  The  rate  of  driving. 
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RATE    OF    DRIVING. 

Tlic  expression  found  most  nearly  to  represent  the  speed  of  oper- 
ation was  the  pounds  of  gross  slag  produced  per  minute  per  square 
foot  of  hearth  area.     Gross  slag  here  means  o 

the  weight  of  slag- forming  materials,  manga- 
nese being  a  slag-forming  material;  that  is, 
the  weight  of  slag  that  would  be  flushed  from 
the  furnace  if  none  of  the  manganese  was 
recovered  in  the  metal.  There  is  an  implica- 
tion here— probably  warranted — that  the 
MnO,  charged  is  reduced  to  MnO  in  the  upper 
stack,  but  that  the  MnO  entering  the  bosh  is 
fused  with  the  silica,  alumina,  and  bases,  and 
that  it  is  reduced  to  metallic  manganese  only 
after  it  has  descended  molten  into  the  hearth. 
The  calculation  of  the  gross  slag  is  simple. 
To  take  the  figures  from  the  average  of  the  40 
runs  represented  in  Table  17,  as  an  example, 
the  slag  weight  is  3,196  pounds.  The  metallic 
manganese  in  the  metal  is  1,680  pounds. 
This  metallic  manganese  was  reduced  from 
2,170  pounds  of  MnO,  The  gross  slag  was 
therefore  3,196  plus  2,170,  or  5,366  pounds 
per  ton  of  metal. 

It  is  well  to  notice  that  the  more  usual 
expression  for  speed  of  operation  in  blast- 
furnace parlance  is  the  pounds  of  carbon 
burned  per  minute  per  square  foot  of  hearth 
area.  Without  commenting  upon  this  point 
of  view  as  it  applies  to  the  iron  furnace,  its 
applicability  to  the  ferromanganese  furnace  is 
extremely  doubtful.  The  only  factor  limiting 
the  speed  of  operation,  assuming  that  the 
speed  is  not  so  great  that  the  stock  is  blown 
out  the  top  of  the  furnace,  is  the  ability  of 
the  hearth  to  reduce  manganese  from  the 
slag.  As  long  as  the  hearth  temperature  is 
above  1,265°  C,  all  the  manganese  in  the  slag 
should  be  reduced,  provided  the  slag  remains 
for  a  sufficient  length  of  time  in  the  hearth 
under  the  reducing  influence  of  a  CO  atmos- 
phere and  in  contact  with  solid  carbon. 
Therefore,  no  principle  ©f  common  sense  is 
violated  in  taking  as  the  criterion  of  speed 
the  figure  for  the  pounds  of  slag  passing  into  the  hearth  from  the 
bosh  per  minute  per  square  foot  of  hearth  area. 
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EQUATION    FOR    PERCENTAGE    OF   MANGANESE    IN    SLAG. 

The  results  of  the  40  runs  represented  in  Table  18  were  arranged 
in  order  of  decreasing  "excess  carbon"  as  determined  bj  equation  1. 
The  results  were  then  divided  into  four  groups  and  the  averages  by 
groups  recorded  as  in  Table  21.     The  results  are  also  plotted  in 
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figure  10.  The  results  of  the  same  runs  were  rearranged  in  the  order 
of  decreasing  basicity  (ratio  of  bases  to  silica),  grouped,  and  averaged, 
and  the  averages  recorded  as  in  Table  22.  The  results  are  also 
plotted  in  figure  11.  In  the  same  way  TaSle  2.3  gives  the  averages 
for  groups  taken  in  order  of  decreasing  rates  of  driving.  The  results 
are  also  plotted  in  figure  12.     The  three  tables  follow. 
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Table  21. — Besulls  of  furnace  runs  arranged  to  show  vuruttion  of  percentage  of  nwngonese 
in  slag  vith  excess  or  deficiency  of  carbon  fuel  as  required  for  average  hearth-temperature 
conditions. 

[Results  arc  plotted  in  figure  10. j 


Runs  included. 

Furnaces  included. 

Carbon 
excess 
or  defi- 
ciency 
(jJounds.) 

Basicity 
ratio. 

Rate  of 
driving. 

PercentaKc  of 
manganese  in  slag. 

(irotip. 

Actual. 

Reduced 

to  stand- 
ard ba- 
sicityo 

and  rate 
of 

driving.6 

1 
2 
3 
4 

4,  26,  30,  31,  32,  33,  37,  38,  40. 
3,7,8,12,13,14,17,25,29,39. 
2,5,6,  10,  11,  19,23,24,25... 
1,  15,18,20,22,27,34 

A,C,  K,  L,  M,  P.. 
A   B,  f,  Iv,  >f.... 

A,  B,  G,  J 

A,  F,  G,I,J,K,  L. 

+  754 
+  354 
-  56 
-765 

1.69 
1.48 
1.45 
1.37 

1.84 
1.92 
2.18 
2.36 

8.2 
11.0 
12.1 
13.3 

10.3 
11.0 
11.4 
11.8 

a  Standard  basicity  (ratio  of  bases  to  silica),  1.50. 

b  Rate  of  driving  (pounds  of  gross  slag  produced  per  minute  per  square  foot  of  hearth  area),  2.1. 

Table  22. — Results  of  furnace  runs  arranged  to  shovj  variation  of  percentage  of  manganese 
in  slag  with  basicity  of  slag  {ratio  of  CaO  +  ^tgO  to  iSiOg^- 

[Results  are  plotted  in  figure  11.] 


Runs  included. 

Furnaces  included. 

Basicity 
ratio. 

Carbon 
excess 
or  defi- 
ciency 
(pounds). 

Rate  of 
driving. 

Percentage  of 
manganese  in  slag. 

Group. 

Actual. 

Reduced 

lo 
standard 

hearth 
tempera- 
ture and 

rate  of 
driving. 

9 
10 
U 
12 

6,8,  23,24,2.5,26,28.31,33.. 
7,  11,  17,  30,  32,  34,  35,  39,  40. 

1,  4,  10,  12,  13,  20,  27,  38 

2,  5,  8,  14,  15,  19,  22 

A,  J,  K,  L 

A,  B,  F,  L,  M 

A,  B.C.  I,  K 

A,  B,  F,  G,  J 

1.77 
1.55 
1..36 
1.19 

+411 
+187 
-  10 
-110 

1.79 
2.06 
2.32 
2.42 

7.4 

9.2 

11.8 

14.2 

8.2 
9.9 
11.5 
13.6 

Table  23. — Results  of  furnace  runs  arranged  to  shovj  variation  of  percentage  of  manganese 
in  slag  unth  rate  ofcfriinng  {jwunds  of  gross  slag  per  minute  per  square  foot  of  hearth  area). 

[Results  are  plotted  in  figure  12. j 


Runs  included. 

Furnaces  included. 

Basicity 
ratio. 

Rate  of 
driving. 

Carbon 
excess 
or  defi- 
ciency 
(pounds). 

Percentage  of 
manganese  in  slag. 

Group. 

Actual. 

Reduced 
to  stand- 
ard ba- 
sicity 
and 
tempera- 
tiu-e. 

5 
G 

1,4,6,  7,  14,  1.5,  18,22,39.... 
2  5  8  19  20  21  25 

A,  B,  F,  J,  M 

A   G  I  J... 

1.38 
1.70 
1.51 
1.64 

2.86 
2.38 
2.15 
1.60 

-  60 
-312 

-  62 
+240 

13.0 
12.0 
12.6 

10.3 

13.9 
12.9 

7 
8 

s!  10,  il,  12,19,23,27,40.... 
13,  15,  17,24,26,28,38 

A,  B,  G,  J,  K,  M.. 
B,C,  F,  J,  K 

12.5 
12.2 

111  deriving  an  equation  for  the  percentage  of  manganese  in  the 
slag  four  quantities  are  involved.    If  only  figures  could  be  selected 
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wherein  two  of  the  quantities  varied  while  the  other  two  quantities 
remained  constant,  the  derivation  of  the  equation  would  he  direct 
and  simple.  Unfortunately  this  is  not  possible.  Thus,  in  Table  22 
there  is  a  distinctly  apparent  relation  between  "carbon  excess  or 
deficiency,"  basicity,  and  rate.  As  the  carbon  decreases  the  basicity 
decreases  and  the  rate  of  driving  increases.  This  relationship  is  due 
to  the  human  management  of  the  furnace.  The  increase  of  basicity 
is  governed  by  the  stone  charged ;  the  carbon  excess  or  deficiency  by 
the  coke  charged ;  and  the  rate  of  driving  by  the  speed  of  the  engines. 
For  any  run  the  stone  can  be  decreased,  the  coke  increased,  and  the 
engines  slowed  down  by  practically  any  arbitrary  amount,  and  the 
furnace  will  still  continue  to  make  ferromanganese,  though  it  may 
not  make  a  profit.  The  fact,  therefore,  that  this  apparent  relation- 
ship exists  between  excess  carbon,  basicity,  and  speed,  shows  only 
that  the  furnace  operator  followed,  perhaps  unknowingly,  a  definite 
rule  in  burdening  and  driving  the  furnaces. 

Although  in  Tables  21,  22,  and  23  all  the  four  quantities  con- 
cerned vary,  it  is  found  by  successive  approximation  that — 

(a)  100  pounds  of  excess  carbon  lowers  the  manganese  in  the 
slag  0.11  per  cent; 

(6)  An  increase  in  the  rate  of  driving  of  1  pound  of  slag  per  minute 
per  square  foot  of  hearth  area  increases  the  manganese  in  the  slag 
1.34  per  cent; 

(c)  An  increase  in  the  ratio  of  base  to  silica  of  1  iniit  decreases 
the  manganese  in  the  slag  9.16  per  cent. 

In  Table  21  values  for  the  actual  percentages  of  manganese  in  the 
slag  are  given  in  the  seventh  column.  In  the  last  column  the  values 
have  been  corrected  for  each  of  the  four  groups  for  the  amount  by 
which  the  basicity  ratio  differs  from  1.50,  using  the  correction  indi- 
cated in  (c);  the  values  are  further  corrected  for  the  amount  by 
which  the  rate  of  driving  differs  from  2.1,  using  the  correction  indi- 
cated in  (6).  In  the  same  way  for  Tables  22  and  23  the  percentages 
of  manganese  in  the  slag  are  given  in  the  last  column  corrected  for 
variations  of  the  two  quantities,  in  the  fifth  and  sixth  columns,  in 
order  to  show  the  relationship  that  would  be  found  between  the 
variable  shown  in  the  fourth  column  and  the  manganese  in  the  slag, 
were  the  other  two  variables  held  constant.  These  relationships 
are  plotted  in  figures  9,  10,  11,  and  12.  Combining  these  three  rela- 
tions in  a  single  equation  gives  the  result — 

M=  21.4  -  9.165  +  1.34i?  -  0.00U{K-Ka)(-2) 
M  =  percentage  of  manganese  in  the  slag ; 
B  =  ration  of  base  to  silica; 
R  =  rate  of  diiving  (pounds  of  gross  slag  per  minute  per 

square  foot  of  hearth  area); 
Kg^  =  carbon  required  by  equation  1 ; 
jr=  actual  carbon  charged. 
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Combining  equation  ^  with  equation  1  gives — 

(J/=21.4  +  1.34/?-9.16£-0.O01lK-K„+0.00097T'-0.00145r  (5) 

Equation  3  is  the  general  sohition  for  J/,  the  percentage  of  man- 
ganese in  shig,  M  being  a  function  of  five  variables.  The  assumption 
has  been  made  in  deriving  this  equation  that  the  function  was  linear 
with  respect  to  all  five  variables.  This  certainly  is  not  true.  The 
effect  of  speed  on  the  reduction  of  MnO  will  be,  itself,  a  function  of 
the  temperature.  Moreover,  a  large  number  of  variables  undoubtedly- 
affecting  J/ have  been  omitted,  for  example,  the  physical  character 
of  the  stock,  the  temperature  of  the  top  gas,  the  amount  of  carbon 
absorbed  by  COj,  and  the  humidity  of  the  blast.  It  can  be  hoped 
only  that  equation  3  includes  the  more  important  variables. 

It  will  be  noticed  that  in  joining  the  points  in  figures  10,  11,  and 
12,  a  curved  rather  than  a  straight  line  is  drawn  in  each  figiu-e. 
This  was  done  with  the  hope  of  giving  a  hint  as  to  the  nature  of  the 
curve.  In  each  figure  a  straight  line  can  be  drawn  which  will  not 
miss  the  experimental  point  so  much  as  0.5  per  cent.  In  view  of 
the  limitations  of  the  data  0.5  per  cent  is  much  inside  the  limit  of 
experimental  error. 

BURDEXIXG    THE    FURXACE. 

Observance  of  the  relations  in  equations  1,  2,  and  3  may  be  of 
material  assistance  in  the  burdening  and  driving  of  the  furnace. 
The  first  step  in  solving  this  problem  is  the  calculation  by  ec^uation  1 
of  the  ratio  of  coke  and  stone  to  ore  with  an  assumed  basicity  ratio. 
Then  by  looking  at  figures  10,  11,  and  12,  the  furnace  operator  can 
know  at  a  glance  the  change  in  the  manganese  content  of  his  slag 
to  he  expected  from  adding  to,  or  trimming  down,  his  fuel,  or  from 
changing  his  basicity  ratio.  Xo  general  principles  can  be  given 
for  the  solution  of  this  problem  as  the  most  important  considerations 
governing  the  burdening  problem  are  the  cost  of  the  materials  used, 
the  daily  pay  roll,  and  the  furnace  overhead.  Every  change  in  the 
burdening  and  driving  factors  cuts  both  ways.  Slow  driving  reduces 
slag  loss  and  runs  up  labor  and  overhead  charges.  Increasing  the 
proportion  of  lime  in  the  slag  within  reasonable  limits  results  in 
lowering  the  slag  loss,  but  increases  coke  consumption,  and  cuts 
down  tonnage,  resulting  in  lower  ore  cost,  higher  fuel  cost,  and 
increased  labor  and  overhead  charges.  Using  excess  coke  results 
in  a  slight  decrease  in  the  percentage  of  manganese  in  the  slag,  but 
in  general  increases  the  slag  weight  more  rapidly,  so  that  the  slag 
loss,  being  the  product  of  the  slag  weight  and  the  percentage  of 
manganese  in  the  slag,  is  increased.  About  the  only  general  criticism 
that  can  be  made  of  the  burdening  and  driving  data  is  that  there 
is  on  the  whole  a  tendency  to  use  too  much  fuel  and  to  drive  too 
slowly.     The  saving  of  ore  resulting  from  slow  driving,  while  appre- 
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ciable,  causes  a  decided  decrease  in  profits  of  the  furnace  and,  although 
in  line  with  conservation  of  materials,  will  not  appeal  to  the  operator 
who  is  to  pay  the  labor  and  overhead  charges. 

It  may  be  stated  that  the  most  effective  methods  of  reducing  the 
slag  loss  of  manganese  are:  (1)  The  use  of  low-ash  coke  and  of  low- 
silica  stone  and  (2)  carrying  as  basic  a  slag  as  is  practicable.  In 
the  matter  of  selecting  a  low-ash  coke  it  was  not  possible,  perhaps, 
in  the  past  year  for  a  number  of  operators  to  do  more  than  take  what- 
ever they  could  get. 

It  was  universally  realized  at  the  furnace  that  the  presence  of 
a  large  percentage  of  silica  in  the  coke  was  playing  havoc  with  the 
practice;  but  it  is  believed  that,  had  the  office  fully  appreciated  the 
loss  in  profits  occasioned  by  excess  silica  a  considerable  improvement 
jn  coke  could  have  been  efi'ected.  Actual  purchases  of  stone,  it  is 
certain,  have  not  been  made  with  the  care  the  problem  merited. 
Calcites  and  dolomites  have  been  used  with  silica  content  as  high  as 
7  per  cent.  Naturally  the  office  did  not  purchase  this  stone  on  the 
market  without  a  considerable  preferential  price,  but,  as  is  shown 
later,  stone  with  this  silica  content  should  not  be  used  even  if  obtained 
free  of  charge  f.  o.  b.  the  furnace. 

STACK  LOSS. 

The  sum  of  the  manganese  in  the  slag  and  that  in  the  metal  does 
not  equal  that  charged  into  the  furnace.  The  percentage  of  manga- 
nese in  the  charge  not  accounted  for  by  the  manganese  carried  from 
the  hearth  is  for  convenience  called  ''stack  loss."  The  value  of  this 
quantity  in  Table  17  varies  from  O.S  to  32.1  per  cent.  Its  average 
is  12.8  per  cent.  x'Vs  the  average  loss  of  manganese  in  the  slag  is 
only  14.7  per  cent,  the  stack  loss  is  as  important  as  the  slag  loss. 
It  is  a  quantity,  however,  that  has  not  thus  far  proved  itself  suscep- 
tible to  anah'sis  or  definite  explanation.  It  may  be  due  to:  (1) 
Volatilization  of  metallic  manganese  from  the  hearth,  (2)  volatiliza- 
tion of  manganese  oxide  in  the  hearth  or  stack,  (3)  manganese  oxide 
earned  off  mechanically  as  ore  fines  by  the  blast,  and  (4)  a  fictitious 
result  due  to  error  in  chemical  analyses  and  weights. 

To  a  certain  extent  in  any  individual  rmi  the  apparent  stack  loss 
is  surely  a  combined  result  of  these  four  causes.  But  for  the  40 
runs  taken  as  a  whole  it  is  difficult  to  understand  how  errors  in  weights 
and  analyses  would  give  a  Joss  in  39  cases,  instead  of  giving  for  one- 
half  of  the  runs  a  "gain  of  manganese  in  the  stack.''  Unless  it  can 
be  shown  that  the  analyses  for  manganese  in  the  ore  are  systemati- 
cally high  or  those  for  manganese  in  the  slag  and  metal  are  systemati- 
caUj  low,  it  must  be  concluded  that  the  errors  are  sufficiently  elimi- 
nated in  the  average  of  a  number  of  runs. 
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There  is  a  possibility  that  the  loss  as  ore  fines  carried  out  mechan- 
ically by  the  blast  may  account  for  the  whole  loss. 

The  operating  data  from  nine  iron  furnace  plants  indicate  that 
6.0  per  cent  of  the  iron  charged  is  not  accounted  for  by  the  iron  in 
the  slag  and  metal.  This  figure  does  not  inspire  much  confidence 
and  is  given  here  oidy  for  the  sake  of  comparison.  As  to  the  loss 
In'  volatilization,  it  is  probably  not  important  practically  to  dis- 
tinguish between  volatilization  of  metallic  manganese  and  volati- 
lization of  manganese  oxide.  The  answer  to  this  problem  wiU 
appear  doubtless,  when  the  relation  is  found  between  stack  loss  and 
some  other  operating  quantity.  If  the  stack  loss  is  a  volatilization 
phenomenon,  it  should  increase  with  a  rise  in  hearth  temperature. 
It  should  also  decrease  with  any  increase  in  the  speed  of  operation, 
as  the  longer  a  given  pound  of  slag  or  metal  remains  in  the  hearth 
the  greater  the  volatilization.  The  40  runs  in  Table  17  were  arranged 
in  the  order  of  decreasing  stack  loss  and  divided  into  four  groups. 
The  average  for  each  of  the  four  groups  appears  in  Table  24  following: 

Table  24. — Results  of  furnace  runs  arranged  to  show  manganese  lost  in  stack  as  related 

to  other  factors. 


Group . 


1. 

2. 

3. 

24.4 

15.7 

9.1 

994 

851 

995 

8.6 

13.5 

11.1 

1.43 

.95 

1.15 

l.Gl 

1.47 

1.56 

2.17 

2.32 

1.95 

+253 

-86 

+82 

^^n  lost  from  stack,  per  cent 

Top  temperature,  °F 

Mn  iu  slag,  per  cent 

Si  in  metal,  per  cent 

Ratio  of  base  to  silica 

Rate  of  driving  a 

Carbon  excess  or  deficiency,  pounds. 


4.0 
904 
10.6 
1.26 
1.49 
2.23 
-121 


a  Pounds  of  gross  per  minute  per  square  foot  of  hearth  area. 

The  results  presented  in  the  table  show  a  manganese  loss  for  each 
group  of  runs,  but  no  sj'stematic  variation  of  stack  loss  with  any 
other  probably  related  quantit}^  High  hearth  temperatures  as  in- 
dicated either  by  high-silicon  metal,  excess  carbon,  basic  slag,  or 
low  percentage  of  manganese  in  the  slag  appear  not  to  aflfect  the 
amount  of  stack  loss.  There  is  only  one  practical  conclusion  to  be 
formed — the  furnace  man  must  admit  that  the  stack  loss  is  an 
important  physical  constant  and  should  operate  his  furnace  on  that 
assumption,  or  he  must  conclude  that  the  data  here  presented  are  in- 
sulhcient  to  permit  a  solution  of  the  problem  and  obtain  for  himself 
more  complete  and  exact  furnace  records. 

SOME  TYPICAL  CALCULATIONS. 

To  illustrate  the  use  of  calculations  suggested  in  this  report,  to 
indicate  how  many  factors  are  involved  in  the  simplest  detail  of 
furnace  practice,  and  to  serve  as  an  introduction  to  the  operating 
problem,  a  brief  outline  of  the  factors  involved  in  the  selection  of 
coke  and  stone  follows. 


134     PEODUCTIOX  OF  MATSTGANESE  ALLOYS  IN  THE  BLAST  FURNACE. 


COST    FIGURES    FOR    AVERAGE    PRACTICE. 

For  the  sake  of  comparison  a  computation  of  the  approximate 
furnace  costs  for  the  average  run  represented  in  Table  17,  apart  from 
investment  charges,  may  be  of  interest. 

The  average  charge  per  ton  of  metnl  is  2.67  tons  of  ore,  3.16  tons 
of  coke,  and  1.03  tons  of  stone.  At  the  arbitrary  prices  of  S40,  SIO, 
and  83  per  ton,  f.  o.  b.  furnace,  the  materials  cost  $149.49  per  ton  of 
metal  made.  The  following  daily  costs  are  assumed:  Six  hundred 
dollars  for  labor,  and  $175  for  the  aggregate  of  superintendence,  chem- 
ical laboratory,  and  reserve  for  relining,  repairs,  liability  insurance, 
clerical  work,  demurrage,  supplies,  etc.  Thus  there  is  a  total  fixed 
charge  of  S775  against  a  daily  production  of  .51.7  tons  of  ferromanga- 
nese,  or  a  charge  of  $14.75  per  ton.  Hence  the  total  cost  per  ton  is 
$164.24.  The  selling  price  on  74.9  per  cent  ferromanganese  is  taken 
to  be  $267.59  ($250  per  ton  for  70  per  cent  alloy  plus  or  minus  $3.50 
per  unit  of  manganese),  so  that  the  profit  per  ton  is  $103.35,  or 
$5,343  per  dav. 

COKE   ASH, 

The  following  analyses  of  coke  are  taken  from  furnace  records  and 
although  the  coke  represented  is  not  typical  of  that  used  in  average 
practice,  it  is  not  abnormal,  as  millions  of  tons  of  such  coke  have 
been  used  annually  at  certain  iron  furnaces  for  years. 


Analyses  of  cohe  usedin  certain  iron  furnaces 

Sample 
No. 

SiO-2. 

AljO^. 

FLxed 
carbon. 

Volatile 
matter. 

Sulphur. 

Moistiire. 

1 
2 
3 

Per  cent. 
2.78 
1.80 
3.06 

Per  cent. 
2.47 
2.70 
2.43 

Per  cent. 
90.95 
91.12 
91.06 

Per  cent. 
0.79 
.47 
1.18 

Per  cent. 
0.41 
.44 
.SO 

Per  cent. 
1.35 
1.52 
1.40 

Let  it  be  assumed  that  coke  1  is  available  for  a  ferro  campaign 
and  that  stone  of  grade  "A,"  as  described  in  the  section  following 
("Selection  of  Stone"),  is  also  available.  Let  the  ore  have  the  aver- 
age analysis  given  in  Table  17.  Then  it  is  possible  to  construct  a 
charge  sheet  for  these  materials  to  give  approximately  the  maximum 
daily  profits,  subject  to  the  limitation  that  none  of  the  operating 
quantities  shall  lie  appreciably  beyond  what  has  been  tried  out  as 
shown  by  Table  17.     The  charge  will  be  then  as  follows: 

Analysis  of  charge. 


Weight, 
pounds. 

Si02. 

AI2O3. 

Bases.                Mn. 

Fe. 

C. 

Material. 

Per 

cent. 

Lbs. 

Per 
cent. 

Lbs. 

Per 
cent. 

Lbs. 

Per 
cent. 

Lbs. 

S|^^- 

Per 
cent. 

Lbs. 

Ore 

5,310 
4,000 
2,102 

8.60 

2.74 

.42 

457 

109 

10 

2.  jO 
2.47 
.13 

133 
98 
3 

40.33 

2,240 

5.93 

325 

1 

Coke 

91.95  j  3,620 

Stone 

53.0 

1,115 

Total 

576 

234 

'  1.115 

2,240 

325 

3,620 

' 
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The  manganese  balance  will  be  as  follows: 

Manganese  balance. 

Pounds. 

Charged 2,  240 

Stack  loss  (12.06  per  cenl) a  284 

Slag  loss  (8.43  per  cent) 6  189 

To  metiil  (79  per  cent) 1,  767 

Accounted  for 2,  240 

The  weight  of  the  slag  will  be  2,167  pounds,  the  analysis  of  the 

slag  being  as  follows : 

Analysis  of  slag. 


Constituent. 

Percent. 

Pounds. 

PiOs 

26.05 
10.85 
51.75 
11.30 

a  561 
234 

1,115 

241 

17 

Al2(^3 

Bases 

MnO 

S 

Total 

2,167 

a  151  pounds  to  silicon  in  metal. 

The  carbon  as  required  by  equation  1  would  be: 

A'=4,170+0.88X2,167-1.35X1,250=4,405 

The  "deficiency"  of  carbon  charged  below  that  required  by 
equation  1  is  therefore  785  (4,405  —  3,620)  pounds,  only  30  pounds 
less  than  was  used  in  the  runs  in  group  1,  Table  21.  According  to 
equation  2,  this  lack  of  fuel  causes  the  manganese  in  the  slag  to 
increase  only  0.S7  per  cent.  Referring  to  figure  9  it  will  be  seen  that 
the  actual  curved  line  falls  somewhat  below  this  assumed  straight 
line. 

The  ratio  of  bases  to  silica  is  51.75 -r- 26:05,  or  1.99.  This  basicity 
is  1.99  — 1.48,  or  0.51  higher  than  that  of  the  average  run,  and  lowers 
the  percentage  of  manganese  in  the  slag  by  4.67  per  cent,  according 
to  equation  1.  Figure  12  shows  that  the  curved  line  lies  above  the 
straight  line.  To  be  conservative,  a  decrease  of  only  3.75  per  cent 
is  taken,  the  smallest  value  figure  12  will  justify. 

The  gross  slag  is  2,167  + 1.29  X  1,777,  or  4,485  pounds.  For  com- 
parison, the  hearth  diameter  of  the  furnace  is  taken  to  be  10.78  feet, 
which  gives  a  hearth  area  of  91.3  square  feet,  the  average  hearth 
area  in  Talkie  16  if  each  furnace  be  weighted  in  the  average  according 
to  the  number  of  runs  represented  in  the  table.  A  driving  rate  of 
2.61  pounds  of  gross  slag  per  minute  per  square  foot  of  hearth  area 
is  taken.  This  gives  the  output  as  77.5  tons  per  day.  The  rate  2.61 
is  0.54  greater  than  the  average  rate  in  Table  17,  and,  according  to 
equation  2,  causes  a  rise  in  the  percentage  of  manganese  in  the  slag 


«  Average. 
137338"— 20 10 


b  As  shown  Ijclow. 
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of  only  0.71  per  cent.  Within  this  part  of  the  curve  in  figure  11  it  is 
difficult  to  take  a  greater  rise  than  0.75  per  cent;  which  figure  will 
bo  used. 

From  the  above,  then,  the  percentage  of  manganese  in  the  slag  is — 

Per  cent. 

Average  in  Ta])lo  17 10.  60 

Increase  due  to  low  fuel 87 

Increase  due  to  fast  dri\'ing 75 

Decrease  due  to  higli  basicity 3.  75 

^langanese  in  tlie  slag 8.  57 

Slag  loss  (slag  weight  times  percentage  of  manganese  in  slag:  2,167X8.75) .  189  pounds. 
Slag  loss  in  percentage  of  manganese  charged 8.43  per  cent. 

Summarizing: 

Charge : 

Ore,  5,310  pounds,  2.4S  tons,  at  $40 $99.  38 

Coke,  4,000  pounds.  2  tons,  at  $10 20.  00 

Stone,  2.102  pounds,  0.94  ton,  at  $3 2.  82 

Cost  of  materials 122.  20 

Daily  labor  and  fixed  charges,  $775. 

Charge  against  1  ton  of  metal,  at  77.5  tons  per  day 10.  00 

Total  furnace  cost  of  1  ton  of  metal 132.  20 

Selling  price,  $250  for  70  per  cent  ferro,  -with  $3.50  per  unit  bonus  and 

penalty. 
Selling  price  of  1  ton  of  ferro  containing  79  per  cent  Mn 281.  50 

Furnace  profit  per  ton 149.  30 

Furnace  profit  per  day,  at  77.5  tons  per  day 11,  570.  76 

Furnace  profit  per  day  of  furnaces  represented  in  Table  2 5, 323.  00 

Gain  in  profits  due  to  improved  materials  and  practice 6,  247.  76 

These  figures  are  disturbing,  yet  it  is  difficult  to  see  just  where  they 
are  -wTong.  The  matter  is  important.  If  the  11  furnaces  repre- 
sented in  Table  17  had  operated  on  this  average  practice  the  pos- 
sible saving  would  have  been  S2, 061, 760. SO  per  year  per  furnace,  or, 
for  the  11  furnaces,  $22,679,368.80.  The  practical  problem  would 
have  been  to  obtain  the  high-grade  coke  and  stone  involved. 

An  interesting  point  in  the  situation  is  that  the  iron  furnace  using 
the  coke  best  adapted  for  the  production  of  ferromanganese,  namely, 
that  designated  as  sample  2  in  the  table  on  page  112,  used  stone  with 
3.36  per  cent  SiOg  (to  increase  the  slag  volume),  and  jet  made  metal 
of  the  following  composition:  Si,  1.52  per  cent;  S,  0.049  per  cent; 
P,  0.173  per  cent. 

With  the  phosphorus  content  indicated,  the  metal  is  neither 
foundry  nor  Bessemer  grade.  As  basic  pig,  1.52  per  cent  silicon  is 
objectionably  high,  unless  a  better  sulphur  content  than  0.049  per 
cent  can  be  attained.  The  answer  is  that  the  coke  used  was  lower 
in  SiOa  than  was  really  desirable.     A  good  coke  consumption  and  a 
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fair  tommge  can  bo  sliowa  with,  low-silica  coke  and  stone,  but  in 
basic  practice,  where  the  logical  function  of  the  blast  furnace  is  to 
keep  down  the  sulphur  and  the  silicon,  the  slag  volume  should  not 
be  so  low  that  it  can  not  take  care  of  the  sulphur. 

Undoubtedly  the  operator  of  the  basic  fiu-nace  above  mentioned 
realized  this.  Enough  conunercial  pressure  would  have  made  him 
release  this  coke.  If  the  ferro  furnace  had  paid  $20  per  ton  for  low- 
silica  coke,  the  daily  profit  would  still  have  been  S10,000  per  furnace, 
an  improvement  of  S4,o23  per  day,  or  roughly  100  per  cent.  If  the 
desired  quality  of  coke  could  have  been  procured  for  S20  per  ton,  and 
if  the  other  assimiptions  are  correct,  the  increased  profit  for  any  one 
furnace  would  have  been  SI. 800, 000  per  annum. 


RELECTIOX    OF    STOXE. 

xVs  a  typical  problem  relating  to  the  selection  of  stone  for  use  in 
furnaces  producing  ferromanganese,  two  grades  of  stone  may  be 
assumed  to  be  under  consideration.  One  may  be  designated  grade 
A,  containing  53  per  cent  basic  constituents  and  0.42  per  cent 
silica;  the  other  may  be  designated  grade  B,  containing  49.5  per 
cent  basic  constituents  and  7  per  cent  silica.  Stone  of  grade  A 
has  been  used  in  great  quantities  at  one  iron  furnace  plant,  and 
hence  is  not  of  purely  hypothetical  composition.  Stone  of  grade  B 
has  been  used  in  producing  ferromanganese. 

If  all  the  values,  except  for  the  grades  of  stone,  be  taken  as  for  the 
average  run  represented  in  Table  17,  a  comparison  can  be  made  as 

follows: 

Comparative  results  obtained  tvith  two  grades  of  stone. 


Stone  A. 

Stone  B. 

Constituent  oX  charge. 

Quantity 
per  ton 
of  alloy. 

Cost. 

Quantity 
per  ton 
of  alloy. 

Cost. 

Ore      

Tons. 
2.64 
3.12 
1.05 

$105. 56 

31.15 

3.15 

Tons. 
2.72 
3.54 
1.70 

$108. 80 

Coke  

35.15 

Stone 

5.09 

Total                                                                              

139. 86 

149.34 

Manganese  in  metal,  per  cent 

Slag  per  ton  of  alloy,  pounds 

75.  e 
2,890 

72.15 
3,839 

The  foregoing  data  are  based  on  the  assumption  that  the  slag  has 
a  constant  basicity  ratio  of  1.48  and  that  an  increase  of  1  pound  in 
the  rate  of  slag  formation  requires  an  increase  in  carbon  of  0.88 
pound. 

The  gross  slag  produced  per  ton  of  metal  when  stone  A  is  used  is 
5,150  pounds,  and  when  stone  B  is  used  5,970  pounds.  If  the  rate 
of  driving-  be  assumed  to  be  constant,  the  tonnages  will  be  51.7  tons 
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with  stone  A  and  44.65  tons  with  stone  B.  The  daily  fixed  charges 
will  be  roughly  the  same  for  both.  There  will,  therefore,  be  a  charge 
of  S14.90  against  a  ton  of  metal  if  stone  A  be  used  and  a  charge  of 
$17.35  if  stone  B  be  used. 

The  total  costs  are  $154.01  and  $166.66,  respectively,  per  ton  of 
alloy.  The  selling  prices  are  $269.60  and  $257.53;  the  profit  per 
ton,  therefore,  when  stone  A  is  used  is  $114.99,  and  when  stone  B  is 
used,  $90.87.  The  profits  per  day  are  $5,950  and  $4,060.  Thus,  the 
daily  loss  in  furnace  profits  when  stone  B  is  used  is  $1,890.  This  loss 
must  be  charged  to  the  75  tons  of  B  stone  used  per  day.  Thus,  even 
if  this  grade  of  stone  were  obtained  free  of  charge,  the  furnace  loss 
from  its  use  would  be  $22.20  per  ton.  Therefore,  if  stone  A  could 
be  purchased  at  some  premium  less  than  $22.20  per  ton,  a  furnace 
having  no  choice  other  than  buying  A  or  B  would  profit  by  the  pur- 
chase of  A.  Such  computations  as  these  could  be  widely  extended 
showing  the  actual  premiums  and  penalties  for  coke  and  ore  as  based 
on  the  cost  to  the  furnace,  but  the  above  example  will  suffice  here 
to  substantiate  the  following  conclusions : 

(1)  The  blast-furnace  superintendent  should  know  at  all  times  the 
cost  and  the  analyses  of  all  materials  purchased,  and  should  also  be 
familiar  with  all  purchasable  materials  even  including  $40  coke  and 
$20  stone. 

(2)  The  decision  as  to  the  pui-chase  of  raw  material  should  be  left 
to  the  furnace  superintendent,  who  should  be  in  complete  charge  of 
the  operation  of  the  furnace. 

(3)  Far  greater  saving  in  fm-nace  profits  can  be  attained  from 
judicious  selection  of  raw  materials  than  from  any  changes  in  oper- 
ating conditions. 

When  the  market  price  of  the  alloy  falls,  as  it  doubtless  will,  and 
the  costs  of  stone,  coke,  ore,  and  labor,  readjust  themselves,  it  is  only 
by  a  continued  revision  of  some  such  calculations  as  the  above,  cov- 
ermg  the  coke  and  stone,  that  the  furnace  operator  can  hope  to 
make  the  best  showing. 

SUMMARY  OF  OBSERVATIONS  ON  FERROMANGANESE    DATA. 

Operating  data  were  collected  from  the  furnace  records  of  11  blast 
furnaces  making  ferromanganese.  These  data  are  presented  in  Table 
17,  together  with  a  maganese  balance  showmg  the  distribution  of  the 
manganese  charged  between  metal,  slag,  and  top  gas.  The  table 
includes  40  ''experimental  periods"  of  10  days  each  and  covers  the 
extreme  range  of  operatmg  conditions  for  each  furnace. 

Several  thousand  pyrometer  measurements  were  made  of  the  tem- 
])erature  in  the  furnaces  opposite  the  tuyeres;  of  the  slag  at  flush  and 
cast;  and  of  the  metal  at  cast.  It  is  shown  that,  in  general,  the  ferro- 
manganese furnace  operates  with  a  colder  hearth  and  produces  colder 
metal  and  slag  than  does  the  iron  furnace. 
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The  results  of  gas  analyses  made  by  the  bureau  show  that  practi- 
cally all  of  the  MuO  is  reduced  "directly"  by  carbon.  This  reduc- 
tion probably  takes  ])lace  in  the  hearth. 

The  metallurgical  ciucstions  involved  in  the  smelting  of  manganese 
are  briefly  discussed.  It  is  shown  that  although  more  than  three 
times  as  much  carbon  is  burned  at  the  tuyeres  in  the  ferro  furnace 
as  in  the  iron  furnace,  the  gaseous  products  from  the  combustion 
zone  are  probably  at  a  lower  temperature. 

The  two  losses  of  manganese  in  the  furnace — the  slag  loss  and  the 
"volatilization"  loss — are  discussed.  It  is  shown  that  the  percent- 
age of  manganese  in  the  slag  is  decreased  by  raising  the  blast  tempera- 
ture, by  increasing  the  basicity  of  the  slag,  and  by  charging  more 
coke;  and  that  it  is  increased  by  fast  driving,  and  by  carrying  a 
greater  slag  "volume."  A  general  ecpation  is  given  for  the  percent- 
age of  manganese  in  the  slag  as  a  function  of  these  five  Cj[uantities,  by 
means  of  which  the  slag  loss  can  be  calculated  in  advance  from  the 
charge-sheet  data. 

The  "volatilization"  loss  is  sho^^Ti  not  to  be  affected  by  the  basicity 
of  the  slag,  the  silicon  in  the  metal,  the  carbon  charged  as  fuel,  the 
rate  of  driving,  or  the  temperature  of  the  top  gas.  The  results,  how- 
ever, are  not  convincing  when  examined  carefully,  and  additional 
and  more  exact  figures  are  needed.  It  is  shown  that  by  making  five 
changes  in  practice  the  11  furnaces  examined  could  have  raised  their 
recovery  to  79  per  cent,  using  the  same  ore,  could  have  mcreased  their 
tonnage  59  per  cent,  and  could  have  increased  their  annual  net  profits 
by  more  than  twenty  million  doUars.     The  changes  are  as  follows: 

(a)  Using  a  better  grade  of  coke  existing  in  sufficient  c[uantities 
and  probably  purchasable. 

(6)  Using  a  better  grade  of  stone. 

(c)  Using  less  fuel. 

(d)  Running  with  a  more  basic  slag, 
(g)  Driving  faster. 

Certain  furnaces  are  shown  to  have  lost  SIO  to  S20  a  ton  by  using 
high-silica  stone. 

It  is  concluded  that  there  is  greater  room  for  improvement  in  the 
selection  of  coke  and  stone  than  in  furnace  practice. 

DISCUSSION    OF    DATA    ON    SPIEGEIEISEN    PKACTICE. 

GENERAL  DESCRIPTION  OF  SPIEGELEISEN  PRODUCTION. 

The  simultaneous  smelting  of  iron  and  of  manganese  ores — that  is, 
the  production  of  spiegeleisen — is  metallurgically  an  uneconomical 
process.  The  reason  can  readily  be  appreciated.  The  iron  furnace 
and  the  manganese  furnace  present  problems  that,  though  somewhat 
similar,  are  at  many  points  fundamentally  different.  The  most  eco- 
nomical operation  for  making  iron  is  not  the  most  economical  for 
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making  manganese.  It  is  desirable,  therefore,  that  the  two  processes 
be  kept  separate.  The  only  logical  reason,  of  course,  for  makmg  spiege- 
leisen  at  all  is  to  utilize  manganiferous  iron  ores.  Spiegeleisen  has 
Qot,  however,  always  been  made  in  this  way.  The  manganese  con- 
tent of  the  metal  made  is  frequently  reduced  by  the  addition  of  iron 
ore  or  of  iron  scrap  to  the  charge.  Dm-ing  the  year  1918,  pressure 
from  several  sources  was  brought  to  bear  upon  the  manganese  pro- 
ducers to  lower  the  manganese  content  of  their  alloys.  The  prevail- 
ing standai'd  for  ferromanganese  was  lowered  from  SO  to  72  per  cent, 
and  for  spiegeleisen  from  20  to  16  per  cent.  To  the  extent  that  this 
was  done  with  the  use  of  lower  grade  ores,  it  served  a  real  purpose  by 
creating  a  market  for  otherwise  unsalable  ores.  It  should  be  remem- 
bered, however,  that  such  a  process  "was  wasteful  of  coke  and  man- 
ganese, and  caused  decreased  furnace  tonnage.  The  rather  anala- 
gous  method  of  "sweetenmg"  a  Spiegel  ore  mixture  with  high-grade 
manganese  ore  is  ec|ually  objectionable  from  the  standpomt  of  a 
metallurgist. 

The  average  spiegel  analysis  given  in  Table  18  (p.  116)  shows  that 
m  order  to  produce  1  ton  of  manganese,  5.78  tons  of  spiegel  was  re- 
quired. This  alloy  contamed  about  4.4  tons  of  metalUc  iron,  the 
equivalent  of  4.G4  tons  of  pig  iron.  The  carbon  fuel  required  to 
make  5.78  tons  of  spiegel  is  19,900  pomids  (5.78x3444).  Crediting 
this  metal  with  the  amount  of  carbon  required  for  making  4.64  tons 
of  pig  hon,  namely,  1,727  pounds  of  carbon  multiplied  by  4.64  tons 
of  pig  iron,  or  8,000  pounds  total,  it  is  seen  that  the  ton  of  metalUe 
manganese  in  the  form  of  spiegel  requires  11,900  pounds  of  carbon. 

It  is  clear  that  in  1.33  tons  of  74.9  per  cent  alloy  there  is  1  ton  of 
metallic  manganese  and  0.23  ton  of  metalUc  iron,  the  equivalent  of 
0.25  ton  of  pig  iron.  The  fuel  consumption  was  7,100  pounds  of 
carbon  (1.33x5323)  accordmg  to  Table  17.  Gi\dng  credit  for  420 
pounds  (1727  X  0.25)  for  the  iron  made,  1  ton  of  manganese  in  the  form 
of  ferro  requires  6,680  pomids  of  carbon.  Thus,  it  appears  that  a 
ton  of  manganese  in  the  form  of  spiegel  requires  78  per  cent  more 
carbon  fuel  than  a  ton  of  manganese  in  the  form  of  ferro. 

This  result  is  by  no  means  due  wholly'*,  or  even  largely,  to  the 
mere  combination  of  the  two  smelting  processes.  IMost  of  the  excess 
fuel  requirement  is  due  to  the  character  of  the  ferro  ores  and  of  the 
spiegel  ores  used.  The  manganese  and  silica  contents  of  the  two 
ores  are: 

Spiegel.  Ferro. 

Manganese,  per  cent 12.  75  40.  33 

Silica,  percent 14.84  8.60 

Silica  per  pound  of  manganese,  pounds 1.  IG  .  214 

The  average  spiegel  ores  were  therefore  5^  times  as  sihceous  as  the 
ferro  ores. 
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SLAG    COMPOSITION. 

Table  18  shows  that  the  average  spiegel  slag  is  less  basic  than 
either  the  iron  slag  or  the  ferro  slag.  The  following  figures  will  pei- 
mit  a  comparison  of  these  three  average  slags  calculated  on  the  basis 
of  base  +  alumina  +  silica  =  100  per  cent. 

Comparison  of  three  average  slags. 


Base.      Alumina. '    Silica. 


Ratio 

(Base  to 

SiOj). 


I  Per  cent.    Per  cerU.    Per  cent. 

I'ig  iron 50. 3            13. 4            35. 3  1.  42 

Spiegel '•         47.9            14.1!         38.0  1.28 

Ferro 49.8'          16.7            33.5;  1.49 

Table  18  demonstrates  that  basicity  ratios  higher  than  1.26  have 
been  successfully  used  in  spiegel  practice.  In  fact,  the  eight  runs 
showing  the  highest  basicity  ratio,  namely,  Nos.  46,  57,  58,  61,  64, 
66,  and  67,  mcluding  furnaces  B,  D,  H,  J,  M,  P,  and  G,  show  an 
average  ratio  of  1.42 — exactly  that  of  the  slag  in  the  average  iron 
practice  quoted  above.  The  average  recovery  of  manganese  by  the 
metal  for  these  eight  rmis  was  70  per  cent. 

It  is  of  interest  to  compare  these  figures  with  those  for  the  eight 
runs  (42,  43,  50,  51,  52,  53,  54,  and  60)  which  had  the  lowest  basicity 
ratios,  the  average  being  1.08.  The  average  recovery  for  these  runs 
was  47.3. 

HEARTH    TEMPERATURE. 

At  furnaces  C,  D,  E,  H,  M,  and  Q,  optical  pyrometer  observations 
were  made  of  slag,  metal,  and  tuyere  temperatures.  The  same  day- 
to-da}'  variations  in  temperature  were  noted.  The  averages  of  all 
temperatures  from  the  six  furnaces  arc  given  below  and  the  figures 
from  the  ferro-furnace  observations  are  repeated  for  comparison: 

Average  temperatures  in  speigel  and  in  ferro  furnaces . 

Spiegel.  Ferro. 

Temperature  opposite  tuyeres,  °  C 1597  1550 

Temperature  of  metal  at  cast,  °  C 1392  1386 

Temperature  of  slag,  °  C 1427  1426 

Seemingly,  both  the  metal  and  the  slag  flow  from  a  spiegel  furnace 
at  the  same  temperature  as  from  the  ferro  furnace. 
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COMPOSITION    of    furnace    GAS. 

Analyses  of  spiegel  furnace  gas  were  made  by  the  bureau's  field 
party  at  only  four  furnaces.  The  composition  of  the  gas  as  indicated 
by  the  average  of  all  the  observations  was  as  follows : 

Average  composition  of  spexgel  furnace  gas. 

By  By 

volume,      weight. 

CO2 per  cent..     7.08        11.05 

CO do....  30.68        30.40 

N2 do. ...  58.  72        58.  08 

These  figures  are  not  at  all  satisfactory.  The  CO  content  is  nearly 
as  high  as  in  ferromanganese-furnace  gas.  It  is  difficult  to  charge 
this  result  to  ordinary  analytical  errors.  Leakage  of  air  into  the 
sample  would  lower  the  CO  content;  also,  the  estimation  of  CO  by 
cuprous  chloride  absorption  when  improperly  carried  out  gives  a 
result  too  low  rather  than  too  high.  The  average  analyses  for  the  four 
furnaces  gave  4,62,  5.62,  8.95,  and  9.24  per  cent  for  CO2  content  and 
24.42,  29.25,  34.20,  and  34.85  per  cent  for  the  CO  content.  The 
extreme  limits  for  CO,  were  3.9  and  11.1  per  cent;  and  for  CO,  23.3 
and  35.1  per  cent.  This  range  of  variation  is  the  same  as  that  en- 
countered in  ferromanganese-furnace  gas.  This  fact  points  strongly 
to  the  conclusion  that  in  both  of  these  alloy  furnaces,  the  chemical 
reactions  in  the  lower  part  of  the  furnace  are  continuously  changing. 
It  might  almost  be  said  to  prove  that  for  a  period  of  time  the  bosh 
and  hearth  reactions  are  nearly  those  of  the  iron  furnace,  and  that 
following  this  period  as  a  result  of  the  settlmg  down  of  the  stock,  a 
large  amount  of  manganese  oxide  is  thrown  into  the  hearth,  result- 
ing in  a  rapid  reduction  of  MnO,  with  a  consequent  increase  in  the 
ratio  of  CO  to  CO2.  Therefore,  miless  more  or  less  continuous  samples 
of  furnace  gas  are  taken  over  a  rather  long  period,  the  actual  analysis 
might  easily  misrepresent  the  true  average  composition  of  the  fur- 
nace gas. 

CARBOX  BURNED  AT  THE  TUYERES. 

From  what  has  been  said  in  regard  to  the  gas  analyses  it  will  be 
anticipated  that  a  calculation  of  the  amount  of  carbon  burned  at 
the  tuyeres  and  of  the  carbon  absorbed  by  CO2  (or  "the  carbon 
used  in  direct  reduction")  will  show  figures  that  will  have  little  sig- 
nificance. Table  25  following  shows  a  calculation  of  the  weight  of 
gas,  the  weight  of  blast,  and  the  distribution  of  carbon  between  the 
stack  and  the  tuyeres.  So  long  as  the  amount  of  carbon  blown  out 
as  flue  dust  must  be  guessed  at;  and  until  systematic  gas  analyses 
are  taken  covering  appreciable  periods  of  time,  no  satisfactory  fig- 
ures for  these  quantities  can  be  given.  However,  the  figures  676 
for  the  ferro  furnace,  347  for  the  spiegel  furnace,  and  169  for  the  iron 
furnace  undoubtedly  indicate,  in  a  general  qualitative  way,  the 
pounds  of  carbon  per  ton  of  metal  absorbed  by  COj. 
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Table  25. — Selected  dnia  on  operation  of  spiegeleisen  blastfurnaces. 

Carbon  charged  per  ton  of  alloy pounds. .  3,  444 

Carbon  combined  with  metal  (5.0  per  cent  C) do 112 

Carbon  blo^vn  out  of  stack  as  dust  (9.6  per  cent  assumed) .  .do 330 

Carbon  available  as  fuel do 3,  002 

Carbon  from  CO,  in  stone do 260 

Total  carbon  gasified do 3,  262 

Gas  analysis  (by  weight): 

CO2 per  cent..  11.  05 

CO do ... .  30.  40 

N2 do 58.  08 

Carbon  in  top  gas do 16.  07 

Weight  of  top  gas  per  ton  of  alloy pounds. .  20,  300 

Weight  of  N,  in  top  gas do 11,  810 

Weight  of  air  blast do 15,  280 

Weight  of  O2  in  blast do 3,  530 

Weight  of  carbon  burned  at  tuyeres do 2,  655 

Carbon  absorbed  by  CO2  or  involved  in  direct  reduction,  .do 347 

FUEL  REQUIREMENTS. 

No  relation  can  be  determined  between  carbon  fuel,  blast  tem- 
perature, and  slag  weight  in  tbe  spiegel  furnace  by  the  method 
employed  for  ferromanganese.  Table  18  (p.  116)  shows  that  most 
of  the  furnaces  operating  with  high-blast  temperatures  were  w^orkiug 
on  ore  mixtures  that  gave  low  slag  weights,  and  the  furnaces  smelting 
siliceous  ores  were  running  with  low-blast  temperatures.  In  attempt- 
ing to  determine  Kg  (the  carbon  fuel  used  for  average  hearth  tem- 
peratures) as  a  function  of  T  (the  blast  temperature)  and  of  V  (the 
slag  weight) ,  taking  these  last  as  independent  variables,  it  is  difficult 
to  distinguish  between  the  effect  of  changes  in  blast  temperature 
and  of  changes  in  slag  weight,  as  T  and  V  do  not  vary  independently. 
The  method  employed  below  is  not  so  satisfactory  as  regards  accuracy 
as  that  used  with  ferromanganese,  but  it  is  simpler  and  more  direct. 

The  runs  in  Table  18  were  divided  into  tliree  gi"oups,  selected  to 
conform  with  the  following  classification: 

(1)  High-blast  temperature  and  small  slag  weight. 

(2)  High-blast  temperature  and  large  slag  weight. 

(3)  Low-blast  temperature  and  large  slag  weight. 

The  average  values  of  Ka,  T,  and  V  for  these  three  groups  are 
given  in  Table  26  following: 

Table  26. — Average  values  for  carbon  fuel,  blast  temperature,  and  slag  weight  in  the 
furnace  runs  represented  in  Table  IS. 


Group. 


KnnsincludeiJ. 


Fumacesincluded. 


Carbon 
per  ton. 


Blast 
tempera- 
ture. 


Slag 
weight. 


1  I  43,  46,  4R,  49,  55,  57,  62,  64 

2  41,  42,  44,  52,  .54,  5H,  59,  60,  <il,  70 

3  CO,  51,  53,  6.5,  66,  07,  68,  69 


C,  D,  II,  M,  P.. 
C,  K,  J,  M,Pv.. 
E,  B,  Q,  H 


Lb.<^. 
2,821 
3.. 525 
4,175 


1.221 

1,142 

825 


Lbs. 
1,979 
3,349 
4,392 
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On  the  assumption  that  the  carbon  fuel  requu-ed  for  average 
hearth  temperature  conditions  can  be  \vTitten  in  the  form — 

where  A,  B,  and  C  are  constants,  the  figures  given  in  Table  26  are 
sufficient  to  determine  the  value  of  the  three  constants.  Substi- 
tuting in  the  above  equation  three  times  gives — 

2,821=A+1,221B+1,979C 
3,525=A+1,142B+3,349C 
4,175=A+    825B+4,392C 

From  which  it  follows  that  — 

Z"^ =2,365 -0.44  7'+0.49T'  (4) 

As  previously  stated,  K  is  the  quantity  of  carbon  per  ton  of  metal 
used  for  any  particular  run.  Eg,  is  the  quantity  that  would  be  re- 
quu*ed  if  the  same  thermal  conditions  were  maintained  m  the  furnace 
as  in  the  average  furnace.  Confusion  has  often  arisen  in  discus- 
sions of  blast-furnace  fuel  economy  from  identifying  the  carbon 
"consumed  m"  the  furnace  with  the  carbon  "required  by"  the 
furnace.  It  is  true  in  iron  furnace  practice  that  for  a  given 
product  there  is  a  minimum  carbon  consumption  below 
which  the  furnace  wiU  not  work,  but  there  is  practically 
no  upper  hmit.  In  maidng  manganese  alloys,  however,  it  may  be 
said  that  there  is  neither  a  maximum  nor  a  minimum  limit.  The 
actual  amount  of  carbon,  K,  charged  mto  any  furnace  is  merely 
the  amount  the  operator  beheves  necessary  to  maintain  a  given 
ratio  of  coke  to  ore.  In  each  run,  therefore,  K,  the  actual  carbon 
will  differ  from  Za,  the  carbon  that  would  on  the  average  be  charged 
in  a  fiu"nace  working  with  that  particular  blast  temperature  and 
slag  weight.  K — i^a  is  a  measure  of  the  thennal  condition  of  the 
hearth.  It  should  be  true  that  when  K — E^,  is  positive  the  furnace 
is  running  hotter  than  when  E — 74  is  negative,  and  this  dijfference 
in  available  fuel  should  influence  the  amount  of  MnO  left  unreduced 
in  the  slag. 

PERCENTAGE   OF   MANGANESE    IN   THE    SLAG. 

It  has  been  shown  for  the  ferromanganese  furnace  that   3/,  the 
percentage  of  manganese  in  the  slag,  is  a  function  of  three  quanti- 
ties, namely:  B,  the  ratio  of  base  to  sihca;  E—E^,,  the  excess  carbon; 
and  R,  the  rate  of  slag  formation  per  square  foot  of  hearth  area. 
The  relation  between  the  quantities  was  found  to  be— 
lf=21.4-9.16B-M.342?-0.11(^-A'a) 
In  the  same  way,  as  is  shown  below,  for  the  spiegel  furnace. 
if=14.3-5.3lB-f0.07?-0.09(-^-Z'J  '.5) 

This  equation  is  determined  as  foUows:  The  runs  in  Table  18, 
arranged  in  order  of  decreasing  basicity,  are  divided  into  two  groups 
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of  15  runs  each,  group  1  representing  runs  having  the  highest  basicity 
and  group  2  those  having  the  lowest.  Tlie  runs  are  rearranged  in 
order  of  decreashig  K — K^,  and  two  further  groups^group  3,  rep- 
resenting runs  with  excess  carbon,  and  group  4,  representing  runs 
with  deficiency  of  carbon — are  selected.  The  average  values  of  M 
B,  and  A'— A'a  for  these  four  groups  appear  in  Table  27. 

Table  27. — Results  of  furnace  runs  arranged  to  shov:  variation  of  manganese  in  slag 
according  to  basicity  of  slag  and  according  to  excess  or  deficiency  of  carbon  fuel. 


Group. 

Basicity. 

Excess      Manganese 
carbon.         in  slag. 

1 
2 
3 
4 

1.36 
1.14 
1.29 

1.21 

Pounds.       Percent. 
123        1        6. 69 
137               8.09 
292        ;        6. 89 
331                8.01 

From  these  figures,  assuming  that  the  value  of  J/ can  be  expressed 
in  the  fonn  given  in  equation  5,  a  simple  calculation  shows:  (a) 
That  one  unit  increase  in  basicity  lowers  the  manganese  in  the  slag 
5.31  per  cent;  (b)  That  100  pounds  of  carbon  lowers  the  manganese 
in  the  slag  0.09  per  cent. 

To  show  that  the  rate  of  driving  does  not  affect  the  manganese 
content  of  the  slag,  the  runs  can  be  again  rearranged  in  order  of 
decreasing  R  (rate  of  slag  formation  per  square  foot  of  hearth  area), 
giving  two  further  groups — gi'oup  5  representing  runs  with  fast 
driving,  and  group  6,  representing  runs  with  slow  driving.  The 
average  values  of  M,  B,  K — K^,  and  B  for  groups  5  and  6  are  given 
in  Table  2S. 

Table  2S.^Re3}(Ifs  of  furnace  runs  arranged  to  shoic  variation  of  manganese  in  slag 

according  to  rate  of  driving. 

Group  5.    Group  C. 

Basicity  ratio 1.  21  1.  23 

Excess  carbon,  pounds 25G  20S 

Rate  of  dri\"ing,  expressed  in  pounds  of  slag  made  per  min- 
ute per  square  foot  of  hearth  area 2.  8G  1.  48 

Mn  in  shig,  per  cent 7.  81  7.  47 

Although  the  rate  of  driving  differs  by  1.38  pounds  of  slag  per 
minute  per  square  foot  of  hearth  area,  the  difference  of  0.34  per 
cent  manganese  in  the  slag  is  exactly  accounted  for  by  the  difference 
in  the  values  of  B  and  of  E — Za.  This  might  well  have  been  antici- 
pated. The  curve  in  figure  10,  (p.  127),  showing  the  relation  of  the 
percentage  of  manganese  in  the  slag  to  the  rate  of  driving  for  the 
ferromanganese  furnace,  is  convex  downward.  When  two  or  more 
pounds  of  slag  per  square  foot  of  hearth  area  is  being  produced,  the 
time  factor  is  of  importance.  The  lower  end  of  this  curve,  however, 
shows  a  distinct  flattening  with  a  driving  rate  as  low  as  1.6  pounds  of 
slag  per  minute.     It  is  a  peculiar  coincidence  that  the  average  rate 
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of  slag-formation  in  l)olli  the  spiegel  practice  and  in  the  ferro  prac- 
tice is  just  2.].  As  regards  merely  the  reduction  of  ]\lnO,  there 
seems  to  be  no  necessity  for  running  the  spiegel  furnace  as  slow  as 
the  ferro  furnace.  There  is  so  much  more  MnO  per  pound  of  gross 
ferro  slag  to  be  reduced  that  the  ferro  slag  should  probably  enter 
the  hearth  only  at  one-third  the  rate  that  is  found  economical  in 
spiegel  practice. 

Seemingly,  two  conclusions  may  be  drawn  from  these  facte: 

(1)  That  overdriving  results  in  a  loss  of  manganese,  wliile  under- 
driving  does  not  result  in  any  corresponding  saving  of  manganese. 

(2)  That  the  spiegel  furnaces  investigated  were  driven  much 
slower  than  is  shown  necessary  by  any  facts  presented  in  this  paper. 

It  is,  of  course,  possible  that  through  other  causes  furnace  diffi- 
culties might  arise  with  fast  driving,  although  no  evidence  of  such 

an  effect  is  at  hand. 

STACK  LOSS. 

The  ''stack  loss"  is  a  factor  of  less  importance  in  the  spiegel  furnace 
than  in  the  ferro  furnace;  the  average  value  is  only  6.72  per  cent, 
whereas  for  ferromanganese  it  was  shown  to  be  12.8  per  cent.  The 
mdividual  values  vary  from  +39.2  to  =19.2,  a  range  of  5S.4  per 
cent.  The  individual  values  for  ferro  stack  loss  varied  over  a  range 
of  32.9  per  cent. 

The  stack  loss  shown  in  Table  18  does  not  seem  to  be  connected 
with  any  of  the  other  operating  c|uantities.  The  30  runs  were  divided 
in  half,  giving  two  groups  of  15  runs  each;  one  group  included  runs 
with  the  larger  stack  losses  and  the  other  included  runs  with  the 
smaller  stack  losses.  The  average  values  of  the  figures  that  may 
have  some  possible  connection  are  given  in  Table  29  following: 

Table  29. — Results  of  furnace  runs  arranged  to  show  comparative  effects  of  large  and 

of  small  stack  losses. 

Furnaces  Furnaces 

Item.                                                      with  large  with  small 

stack  loss.  stack  loss. 

Stack  loss,  per  cent 15.5  -2.22 

Silicon  in  the  metal,  per  cent L  92  1.  57 

Basicity 1.25  1.27 

Blast  temperature,  °F 1,130  1,018 

Top  temperature,  °F 633  525 

Slag  per  ton,  pounds 2.930  3,320 

Manganese  in  slag,  per  cent 7.  42  7.  69 

Carbon  burned,  pounds 3,  260  3,  665 

Recovery,  per  cent 55.  9  64.  5 

Excess  carbon,  pounds —  35  110 

The  difference  betvceen  the  stack  losses  in  the  two  gi'oups  is  17.7 
per  cent.  None  of  the  other  factors,  however,  show  enough  varia- 
tion to  be  responsible  for  such  a  change  in  the  stack  loss.  In  the 
first  gi'oup  the  silicon  content  in  the  metal  is  higher,  as  is  also  the 
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top  temperature,  while  the  manganese  in  the  slag  is  lower.  These 
are  changes  in  the  right  direction  to  account  for  a  stack  loss,  although 
they  can  not  explain  it  C|uautitativelY.  The  fact  that  the  basicity 
is  identical  in  the  two  groups  is  important,  as  it  has  been  thought  by 
some  that  ''liming  up"  the  slag  tends  to  increase  the  stack  loss. 
SUMMARY  OF  OBSERVATIONS  ON  SPIEGELEISEN  PRACTICE. 

The  average  recovery  of  manganese  in  the  production  of  spiegel- 
eisen  was  found  to  be  60.22  per  cent,  the  loss  of  39.78  per  cent  being 
distributed,  one-sixth  to  the  stack  and  five-sixths  to  the  slag. 

Although  the  individual  values  for  stack  loss  were  very  irregular, 
it  appears  that  they  were  not  affected  by  the  basicity  of  the  slag, 
the  temperature  of  the  top  gas,  nor  the  carbon  fuel  charged.  There 
seems  to  be  no  way  to  reduce  this  anomalous  c{uantity.  On  the 
other  hand,  the  evidence  does  show  that  the  stack  loss  will  not  be 
increased  by  increasing  the  basicity  of  the  slag. 

The  slag  loss  is  decreased  by  increasing  the  basicity  of  the  slag.  The 
average  basicity  of  the  spiegel  slags  investigated  was  CaO  +MgO-T-Si02 
=  1.26;  it  seems  that  this  basicity  ratio  is  uneconomically  low.  The 
percentage  of  manganese  in  the  slag  is  shown  to  be  independent  of 
the  rate  of  slag  formation;  it  is  also  shown  that  the  spiegel  furnaces 
are  operated  much  more  slowly  than  the  manganese  oxide  reduction 
demands. 

To  make  a  ton  of  metallic  manganese  in  the  form  of  spiegel  requires 
78  per  cent  more  carbon  fuel  than  is  required  to  make  a  ton  of  metallic 
manganese  in  the  form  of  f erro.  This  greater  fuel  consumption  is  due 
largely  to  the  enormous  amount  of  silica  carried  in  the  spiegel  ore 
with  the  manganese,  namely,  1.16  tons  of  silica  to  1  ton  of  manganese. 
In  this  respect  the  ferro  investigation  and  the  spiegel  investigation 
do  not  overlap.  The  most  siliceous  ferro  ores  used  (containing  0.5 
ton  of  SiOg  per  ton  of  Mn)  have  a  SiOg  :^In  ratio  just  equal  to  that 
of  the  least  siliceous  spiegel  ores  used.  The  successful  operation  of 
spiegel  furnaces  on  very  siliceous  ores,  however,  indicates  that  the 
silica  specifications  on  high  grade  manganese  ores  have  been  much 
too  stringent. 

Practically  all  of  the  conclusions  reached  in  regard  to  the  produc- 
tion of  ferromanganese  are  applicable  to  spiegel  production.  In 
making  speigeleisen,  the  use  of  better  coke  and  stone  has  some  ad- 
vantages, but  not  sufficient  to  permit  such  bonuses  for  low-silica 
stone  and  coke  as  would  be  permissible  in  ferro  practice;  because  the 
silica  in  the  spiegel  slag  comes  largely  from  the  ore  gangue,  and  be- 
cause manganese  in  the  form  of  spiegel  ore  is  less  expensive  than 
manganese  in  the  form  of  ferro  ore. 

Prices  for  sj^iegel  ores  have  not  been  fixed,  as  for  ferro  ores,  but 
are  subject  to  individual  contract,  so  a  discussion  of  profits  in  spiegel 
operation  will  not  be  attempted. 


CILiPTER    9.— NATIONAL    BIPORTANCE    OF   ALLOCATING 
LOW-ASH  COKE  TO  MANGANESE  ALLOY  FURNACES. 


Bv    P.    n.    ROYSTER. 


INTEODUCTOEY    STATEMENT. 

During  1918  an  investigation  of  manganese  alio}'  furnaces  with 
particular  reference  to  the  character  and  equality  of  the  coke  being 
supplied  to  the  furnaces  was  conducted  by  the  Bureau  of  Mines. 
Twelve  typical  blast  furnaces  producing  ferromanganese  and  spiegel- 
eisen  were  examined.  These  12  furnaces  produced  approximately 
40  per  cent  of  the  total  output  of  manganese  aUoys  in  the  United 
States  and  offer  a  fair  representation  of  the  industry  as  a  whole. 

It  developed  that  the  poor  quality  of  the  coke  in  general  use  was 
responsible  for  serious  waste,  both  of  manganese  and  of  coke.  This 
fact  was  of  vital  interest  not  only  to  the  Bureau  of  Mines,  but  also 
to  the  Fuel  Administration. 

FUENACE  DATA. 

The  12  furnaces  studied  furnished  the  following  statistics: 

Data  regarding  12  blast  furnaces  producing  ferromanganese  and  sjyicgeleisen. 

Furnaces 

making  Furnaces 

ferro-  making. 

Item.  manganese.  cpiegeleisen. 

Number  of  furnaces  investigated 6  6 

Average  monthly  output  of  alloys,  July  and  August, 

tons... 9,066  11,736 

Average  coke  per  ton  of  alloy,  tons 3.25  2.12 

Total  coke  consumed,  tons 32,  387  24,  880 

Average  manganese  in  alloys,  tons 73.0  17.5 

Metallic  manganese  in  alloys,  tons 7.266  2.100 

Conversion  loss,  per  cent 29  .38 

Metallic  manganese  in  ores,  tons 10.  266  3,  380 

Average  manganese  in  ores,  per  cent 40.  6  12.  8 

Total  ore  consumed,  tons 25,  276  26,  502 

IMPOETANCE    OF    ALLOCATING   LOW-ASH    COKE    TO 
MANGANESE   FIJENACES. 

A  total  of  about  57,000  tons  of  coke  per  month  was  being  con- 
sumed by  the  12  furnaces  under  review.  This  coke  was  found  to  con- 
tain an  average  of  nearly  14.5  per  cent  ash,  or  over  7  per  cent  sUica. 

The  principal  losses  of  manganese  in  the  manufacture  of  aUoy 
are  in  the  slag,  these  losses  being  roughly  proportional  to  the  slag 
volume.  The  controlling  slag-forming  element  is  silica.  SUica  in  coke 
is  more  harmful  than  sUica  in  ore  because  it  not  only  increases  the 
slag  volume  but  also  diminishes  the  efficiency  of  the  coke,  making 
more  coke  necessary,  which  in  turn  introduces  more  silica,  thereby 
again  increasing  the  slag  volume  and  the  coke  requirement.     In  fact, 
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if  the  coke  contains  as  much  as  20  per  cent  ash,  the  vicious  circle  may 
be  complete,  all  further  additions  of  coke  serving  no  purpose  what- 
ever. It  is  obvious  that  the  more  nearly  this  extreme  is  reached,  the 
more  wasteful  the  process  becomes,  both  as  to  manganese  and  as  to 
coke.  Conversely,  with  better  coke,  less  coke  is  needed  and  more 
manganese  is  saved. 

Comparative  observations  made  and  recorded  demonstrate  if  the 
12  furnaces  under  review  had  been  supplied  with  coke  containing 
8  per  cent  ash  instead  of  14.5  per  cent,  the  same  monthly  tonnage  of 
alloys  could  have  been  produced  with  about  40,000  tons  of  coke 
instead  of  the  57,000  tons  actually  used.  At  the  same  time,  the 
conversion  loss  of  metallic  manganese  would  have  been  reduced 
from  29  per  cent  to  14  per  cent  for  ferro,  and  from  38  per  cent  to 
29  per  cent  for  spiegel.  The  net  result  of  this  last  would  have  been 
a  saving  of  1,826  tons  of  metallic  manganese,  equivalent  to  4,560 
tons  of  40  per  cent  ore  in  the  case  of  ferro;  and  a  saving  of  420  tons 
of  metallic  manganese,  equivalent  to  3,230  tons  of  13  per  cent  ore 
in  the  case  of  spiegel. 

Extending  these  figures,  which  represent  actual  conditions  as  to 
about  40  per  cent  of  the  country's  (1918)  output  of  manganese  alloys, 
to  cover  the  entire  estimated  requirement  of  such  alloys  for  the  year 
1910,  gives  the  following  results: 

1.  Estimated  requirement  for  1919,  280,000  tons  metallic  manganese  of  wliich  20  per 

cent  shall  be  in  the  form  of  spiegel.  ^^ns  of  coke. 

2.  56,000-^17  per  cent=330,000  tons  spiegel  X2. 12= 699,  600 

224,000^72  per  cent  ==312,000  tons  ferro  X3.25= 1,  014,  000 

Total  requirement  of  14.5  per  cent  ash  coke 1,  713,  600 

Sa\nng  through  use  of  good  quality  coke,  31  per  cent 532,  000 

Total  requirement  of  8  per  cent  ash  coke 1, 181,  600 

Poor  coke.         Good  coke.  Saving. 

3.  Spiegel  conversion  loss,  per  cent 38  29         

Tons  Mn  needed  for  spiegel 90,  000          79,  000  11,  000 

Tons  13  per  cent  ore  needed  for  spiegel 690.  000        606, 000  84,  000 

Ferro  conversion  loss,  per  cent 29  14        

Tons  Mn  needed  for  ferro 315,  000        262,  000  53,  000 

Tons  40  per  cent  ore  needed  for  ferro 7S6,  000        655,  000  131,  000 

In  short,  by  allocating  low-ash  coke  during  1919  to  the  manganese- 
alloy  furnaces,  there  may  be  saved  over  half  a  million  tons  of  coke; 
about  131,000  tons  of  manganese  ore  of  ferro  grade;  about  84,000  tons 
of  ore  of  spiegel  grade;  and  a  total  of  about  64,000  tons  of  metallic 
manganese. 

The  effect  of  such  allocation  on  the  production  of  pig  iron  must, 
however,  be  considered.  The  pig-iron  industrv  would  be  deprived 
of  roughly  1,200,000  tons  of  good  coke  and  receive  instead  about 
1,700,000  tons  of  relatively  poor  coke. 

In  the  manufacture  of  pig  iron,  poor  coke  does  not  cause  any  in- 
crease in  loss  of  metallic  iron.  The  substitution  of  14.5  per  cent  ash 
coke  for  8  per  cent  ash  coke  would,  however,  cause  about  10  per  cent 
decrease  in  production  and  about  20  per  cent  increase  in  the  use  of 
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coke.  The  decrease  in  production  is  the  direct  result  of  having  to 
use  an  increased  amount  of  coke. 

The  net  effect  would  be  a  decrease  in  the  production  of  pig  iron  of 
about  120,000  tons,  and  an  increase  in  coke  consumption  of  about 
240,000  tons.  One  hundred  and  twenty  thousand  tons  is  approxi- 
mately one-third  of  1  per  cent  of  the  total  pig-iron  output  of  the 
country. 

However,  as  the  pig-iron  industry  would  receive  500,000  tons  more 
coke  than  it  would  be  asked  to  release  there  would  be  enough  coke 
left,  after  supplying  the  above  additional  requirement  of  240,000 
tons,  to  make  up  the  deficiency  in  pig  iron  and  still  leave  a  margin  of 
120,000  tons. 

Therefore  the  net  coke  supply  would  be  actually  increased,  while 
maintaining  the  pig  output  at  its  present  level;  but  about  130,000 
tons  additional  furnace  capacity  would  have  to  be  provided. 

The  greater  part  of  this,  namel}-,  at  least  100,000  tons,*^  would  be 
furnished  by  the  manganese-alloy  industry,  because  its  furnace  re- 
c^uirements  would  be  reduced  by  this  amount,  while  producing  the 
same  tonnage  of  alloys,  on  account  of  having  high-grade  coke.  The 
small  balance  must  be  made  up  from  some  other  source.  As  bearing 
upon  this  point,  it  is  interesting  to  note  the  following  statistics: 

Data  on  pig-iron  blast  furnaces  in  the  United  States. 

Number. 

In  blast,  Aug.  31,  1918 371 

In  blast,  Sept.  30,  1918 364 

Out  of  blast,  Sept.  30,  1918 74 

Total  furnaces,  Sept.  30,  1918 438 

Average  yearly  capacity  per  furnace  (approximate),  tons 100.  000 

CONCLUSION. 

Without  doubt,  a  large  proportion  of  the  furnaces  idle  (Oct.  1,  1918) 
are  small  and  poorly  equipped.  But,  in  view  of  the  immense  national 
importance  of  allocating  low-ash  coke  to  the  manganese-alloy  furnaces, 
it  would  seem  justifiable  to  exert  pressure  on  the  pig-iron  industry  to 
make  up  the  resulting  slight  loss  of  furnace  capacity  from  among  the 
furnaces  now  idle. 

The  figures  given  herein  are  based  on  a  grade  of  coke  which  is  to-day 
admittedly  scarce;  on  the  other  hand,  the  total  requirements  of  the 
manganese-alloy  furnaces  are  only  a  small  proportion  of  the  total  coke 
output  of  the  country.  The  best  coke  available,  whatever  its  grade 
may  be,  should  be  allocated  to  these  furnaces;  and  if  the  average  ash 
proves  to  be  somwhat  more  than  8  per  cent,  the  savings  made,  while 
proportionately  less  than  shown  above,  will  still  be  of  the  utmost  im- 
portance. 

In  making  these  figures,  commercial  aspects  have  been  constantly 
kept  in  mind.  The  figures  are  not  theoretical;  they  represent  what 
it  is  believed  can  actually  be  accomplished. 

a  Furnaces  capable  of  making  68,000  tons  of  spiegel  per  year  could  be  released  for  pig  production.  The 
estimate  of  100,000  tons  pig  from  these  furnaces  is  low.    A  100-ton  pig  furnace  will  not  make  68  tons  of  spiegel. 


CHAPTER  10.— ELECTRIC  SMELTING  OF  DOMESTIC  MAN- 
GANESE ORES, 


By  H.  W.  GiLLETT  and  C.  E.  Williams. 


INTRODUCTORY    STATEMENT. 

The  utilization  of  domestic  manganese  ores  has  been  an  important 
war-time  problem,  and  its  bearing  on  national  self-sufficiency 
makes  it  worthy  of  attention  even  in  times  of  peace.  This  paper 
deals  only  wuth  the  utilization  of  low-grade  domestic  ores  by  electric 
smelting. 

As  a  rule,  blast  furnaces  can  not,  in  normal  times,  economically 
use  ores  averaging  much  below  40  per  cent  Mn  and  much  above 
12  per  cent  SiOa,  although  durmg  the  war  these  hmits  were  exceeded. 
The  United  States  contains  large  tonnages  of  ores  lower  in  Mn  and 
higher  in  SiOg  which  may  be  amenable  to  electric  smelting.  An 
electric-furnace  plant  can  be  constructed  more  rapidly  and  can  be 
economically  operated  in  smaller  units  than  a  blast  furnace;  also  it 
can  be  situated  wherever  a  suitable  supply  of  ore  and  a  suitable 
water-power  development  are  found  near  each  other.  An  ore  deposit 
inadequate  to  supply  a  modern  blast  furnace  would  last  a  rather 
large  electric  furnace  for  a  considerable  time.  Hence,  the  smaller 
electric  miit  can  be  so  located  that  the  transj^ortation  charges  are 
less  than  if  the  ore  were  shipped  to  a  more  distant  blast  furnace. 

The  writers  wish  to  acknowledge  the  valuable  assistance  of  Messrs, 
E.  L.  Mack  and  F.  C.  Ryan,  of  the  Bureau  of  I^Iines,  and  of  Lieuts. 
L.  S.  Deitz,  jr.,  and  J.  G.  Thompson,  Ordnance  Department,  and 
Pvt.  E.  O.  Denzler,  of  the  Chemical  Warfare  Service,  who  aided  in 
the  experimental  and  analytical  work.  Grateful  aclmowledgment  is 
also  made  to  the  Chemical  Department  of  Cornell  L'niversity  for  the 
use  of  its  electric-furnace  equipment  and  of  its  analytical  laboratory. 

PRESENT    DEVELOPMENT    OF    ELECTRIC    SMELTING    OF 
DOMESTIC    ORES. 

Electric  smelting  of  local  ores  has  been  considerably  developed. 
The  Southern  Manganese  Coiporation,  Anniston,  Ala.,  has  eight 
furnaces,  some  of  them  of  3,000  kilowatt  size,  operating  on  local 
ore.*^     Tlie  Anaconda  Copper  Co.^  will  soon  be  operating  five  3,000- 

a  Swann,  T.,  (news  item):  Met.  and  Chem.  Eng.,  vol.  18, 1918,  p.  512. 

b  Anonymous,  Electric  furnace  for  manganese  ores:  West.  Elec,  vol  73,  1918,  p.  218;  Chem.  Abs.,  vol  12, 
1918,  p.  1856. 
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kilowatt  furnaces  at  Great  Falls,  IMont.,  on  uncalcined  rhodochrosite 
ore  from  Butte,  ^lont.,  and  wiU  probably  also  use  some  ore  from 
Philipsburg,  Mont.  Washed  Philipsburg  ore  is  also  smelted  by  the 
Bilrowe  AUoys  Co.,  Tacoma,  Wash.,  in  six  350  to  400-kilowatt  furnaces, 
and  this  firm  has  also  smelted  ore  from  the  Olympic  Mountains  in 
Washington. 

The  Noble  Electric  Steel  Co.,  Heroult,  Calif.,  smelts  California  ores 
in  two  1,300  to  1,500-kilowatt  furnaces.  The  Pacific  Electro  Metals 
Co.makesferromanganeseandsilicomanganesein  a  3,000-kilowatt  fur- 
nace at  Bay  Point,  Calif.,  from  California  ores. 

The  Iron  Mountain  Alloy  Co.,  Utah  Junction,  Calif.,  runs  a  1,200- 
kilowatt  and  an  1,800-kilowatt  furnace  on  Colorado,  I^tah,  and 
Nevada  ores. 

The  Western  Reduction  Co.,  Portland,  Oreg.,  is  just  startmg  the 
production  of  ferromanganese  in  a  700-kilowatt  furnace. 

ELECTRIC    SMELTING    PRACTICE    ON   FERROMANGANESE. 

FURNACES  USED. 

Practice  in  making  ferromanganese  differs  slightly  at  the  various 
plants,  but  in  general  is  uniform.  Keeney  has  recently  described 
the  Iron  Mountain  AUoyCo.'s  practice.  Furnace  voltages  (electrode 
to  charge)  run  from  55  volts  in  the  350-kilowatt  size  to  85  in  the 
3,000-kilowatt  size.  The  furnaces  are  usually  three-phase,  three-elec- 
trode, open-top  furnaces,  the  exceptions  being  those  of  the  Bilrowe 
Alloys  Co.,  which  are  single-phase,  and  those  of  the  Noble  Electric 
Steel  Co.,  which  are  of  a  three-phase,  four-electrode  type.  The 
general  type  of  furnace  used  is  the  rectangular  form  described  by 
Lyon,  Keeney,  and  Cullen.^  The  Noble  furnace  is  described  by 
Vom  Baur.*' 

The  furnace  lining  is  usually  carbon  or  magnesite,  rarely  water- 
cooled  fire  brick.  'Tlie  furnaces  are  charged  continuously  and 
tapped  every  two  hours.  Slag  and  metal  are  tapped  together  into 
a  settler.  A  few  plants  use  round  electrodes  jointed  for  continuous 
feed,  which  should  reduce  the  electrode  consumption.  However, 
in  most  plants  the  feed  is  not  continuous,  and  the  butts  are  scrapped. 
Seemingly,  a  Scott-connected,  two-phase  circuit  from  a  three-phase 
circuit  with  the  conducting  bottom  of  the  furnace  as  the  neutral 
electrode,  and  two  upper  electrodes,  might  reduce  the  electrode  con- 
sumption by  presenting  only  two  instead  of  three  electrodes  to  oxida- 

o  Koeney,  R.  M.,  The  manufacture  of  ferro-alloys  in  the  electric  furnace.  Bull.  Am.  Inst.  Min.  Eng., 
vol.  140,  August,  lOlS,  pp.  1321-1373. 

6  Lyon,  D.  A.,  Keeney,  R.  M.,  and  Cu!len,J.  F.  The  electric  furnace  in  metallurgical  v/ork:  Bull.  77, 
Bureau  of  Mines,  1914,  p.  113. 

c  Rodonhauscr,  W.,  Schoenawa,  J.,  and  Vom  Baur,  C.  H.,  Electric  furnaces  in  the  iron  and  steel  industry, 
1917  ed.,  p.  365. 
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tioii,  while  still  allowing  the  coustructiou  of  a  furuaceof  high  kilowatt 
caj)acity  without  the  upper  electrodes  being  required  to  carry  too 
much  current. 

RAW  MATERIALS  EMPLOYED. 

The  ores  of  mixtures  used  at  all  these  plants  vary  between  39.5  to 
43.5  per  cent  manganese  and  15  to  25  per  cent  silica  with  low  phos- 
phorus, averaging  about  40  per  cent  manganese,  20  per  cent  silica, 
0.20  per  cent  phosphorus,  and  less  than  4  per  cent  ferro.  The  Great 
Falls,  Mont.,  plant  will  be  an  exception,  as  it  wdll  operate  largely  on 
Butte  rhodochrosite  ore  which  is  extremely  low  in  silica  and  phos- 
phorus. 

The  plants  all  flux  the  ore  with  limestone,  except  the  plant  at 
Heroult,  Calif.,  which  uses  a  little  fluorspar.  Also  they  produce  a 
slag  whose  average  composition  is  10  to  12  per  cent  Mn.,  35 
to  40  per  cent  CaO-l-MgO,  about  30  per  cent  SiOj,  and  such  small 
amounts  of  ALOg  as  are  carried  by  the  ores.  The  latter  are  all  low 
in  alumina  with  the  exception  of  occasional  lots  smelted  at  Annis- 
ton,  Ala. 

AVERAGE  RESULTS  OBTAINED. 

The  power  consumption  and  the  electrode  consumption  in  the 
various  furnaces,  brought  to  the  basis  of  a  3,000-kLlowatt  furnace, 
average  5,000  kilowatt-hours  and  170  pounds  of  carbon  electrodes 
per  long  ton  of  80  per  cent  ferromanganese. 

As  the  ores  are  low  in  iron,  a  little  iron  ore,  or  better  and  more 
generally  used,  some  steel  scrap,  is  added  to  supply  enough  iron  to 
bring  the  alloy  to  80  per  cent  manganese.  The  alloys  contain  0.20 
to  0.40  per  cent  phosphorus,  the  former  figure  being  aimed  at,  but 
the  latter  being  taken  by  the  trade  while  the  ferro  supply  is  low. 
The  California  ores  are  low  in  phosphorus;  consequently  the  Cali- 
fornia alloys  meet  the  lower  figure.  The  silicon  content  runs  under 
2  per  cent,  though  it  sometimes  goes  up  to  5  per  cent  m  the  Anniston 
product  when  ores  higher  than  usual  in  silica  are  employed. 

The  Anniston,  Anaconda,  and  Iron  Mountain  plants  use  anthracite 
coal  as  reducer;  the  Bay  Poiat  and  Tacoma  plants  use  coke;  and  the 
Heroult  plant  uses  about  half  coke  and  half  charcoal. 

The  recovery  of  manganese  averages  75  per  cent,  being  nearer  80 
j>er  cent  on  ores  of  15  per  cent  sihca  and  nearer  70  on  those  of  25 
l^er  cent  silica  content.  Fromi  a  sixth  to  a  third  of  the  conversion 
loss  is  due  to  volatilization  and  dusting,  and  slag  losses  account  for 
the  rest.  In  the  blast  furnace  operating  on  low  silica  ores  these 
losses  are  exactly'  reversed,  slag  accounting  for  only  a  sixth  to  a 
third  and  the  re§t  being  due  to  volatilization  and  dustmg." 

a  Newton,  Edmiond,  Manganiferous  iron  ores  of  the  Cuyuna  District,  Minn.,  Bull.  5,  Minn    School  of 
Mines  Sta.,  University  of  Minn.,  191S,  p.  71. 
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EFFECT    OF    HIGH    SILICA    IN    ORES. 

It  is  seen  that  the  electric  smelting  plants  use  ores  higher  in  silica 
than  are  standard  for  blast-furnace  practice,  but  that  25  per  cent 
silica  is  the  present  limit  m  ores  used  for  making  ferromanganese. 

The  trouble  that  silica  causes  is  reflected  in  the  manganese  price 
scale  of  the  War  Industries  Board, '^  by  which  an  ore  with  40  per 
cent  manganese  and  8  per  cent  silica  is  worth  $40.80  per  ton  and  one 
with  35  per  cent  manganese  and  35  per  cent  silica  only,  $7.45  per 
ton.  The  scale  does  not  run  below  35  per  cent  manganese,  but  if  it 
did  an  ore  with  27  per  cent  manganese  and  35  per  cent  silica  would 
be  worth  nothing,  the  penalty  for  silica  entirely  wipmg  out  the  value 
of  the  manganese  even  though  calculated  at  the  same  price  per  unit 
as  given  in  the  scale  for  a  35  per  cent  manganese  content. 

CONCENTRATION  OF  OKES. 

The  Philipsburg  and  the  Butte,  Mont.,  districts  contain  vast  ton- 
nages of  manganese  ores  containing  around  25  per  cent  manganese 
and  35  per  cent  silica,  to  say  nothing  of  the  rhodonite  ores  of  Colo- 
rado and  of  the  tailings  from  concentrating  ores  by  washmg  or 
screening,* 

Some  concentration  of  domestic  ores  is  done,*^  but  in  general  con- 
centration, is  not  very  successful  and  a  slight  improvement  in  the 
method  of  handling  low-grade  ores  might  make  it  more  desirable  to 
smelt  the  run-of-mine  ore  than  to  attempt  concentration.  It  is 
stated*  that  some  ores  could  be  concentrated  after  fine  crashing; 
also  that  leachmg  and  electrolytic  deposition  of  the  manganese 
oxide  is  possible.  The  product  would,  however,  be  fine  powders 
and  would  be  extremely  difficult  to  smelt  in  the  usual  fashion,  keep- 
ing the  shaft  full  of  charge,  unless  first  briquetted  or  sintered.  It  is 
not    certain    that    briquetting    or    sintering    could    be   successfully 

anplied. 

REDUCTION  OF  SILICON. 

Even  though  the  usual  basic  slag  be  employed  when  smelting  ores 
high  in  silica,  silicon  is  reduced  and  enters  the  alloy  when  the  slag 
volume  is  high.  Newton  ^  states  that  this  is  true  in  the  blast  fur- 
nace. Swann^  also  indicates  it  for  electric-furnace  operation,  stating 
that  slags  from  electric  smelting  containing  12  to  14  per  cent  Mn,  40 
per  cent  CaO,  and  30  per  cent  SiOj  can  be  smelted  to  an  alloy  con- 

a  Chapter  1  of  this  bulletin. 

b  See  Pardee,  J.  T.,  Manganese  at  Butte,  Mont.:  U.  S.  Geol.  Survey  Bull.  690,  1918,  pp.  lll-l:;0;  Harder, 
E.  C,  Mangamferous  iron  ores;  U.  S.  Geol.  Siu-vey  Bull.  66&-ee,  1917, 13  pp. 

c  See  Swann,  T.,  place  cited;  Anonymous,  Manganese  concentrator  at  Philipsburg,  Mont.:  Met.  and 
Chem.  Eng.,  vol.  IS,  1918,  p.  625. 

d  See  Pardee,  J.  T.,  ■^^'ork  cited,  p.  11;  Harder,  E.  C,  work  cited,  p.  13;  Newton,  E.,  -work  cited,  p.  57. 

e News  item.  Manganese  in  California:  Chem.  and  Met.  Eng.,  vol.  19,  1918,  p.  702. 

/Newton,  E.,  work  cited,  p.  72. 

p  Swann,  T.,  place  cited. 
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taiiiing  60  per  cent  Mn  and  19  per  cent  Si.  Had  the  original  smelting 
been  earned  on  far  enough  to  reduce  more  of  the  manganese,  consid- 
era])le  silicon  would  have  been  reduced  also.  A  high  temperature 
and  a  large  amount  of  reducing  agent  are  needed  to  drive  the  man- 
ganese out  of  the  slag,  and  these  conditions  favor  the  reduction  of 
siUcon. 

As  in  smelting  high-silica  ores  some  silicon  will  in  any  event  go  into 
the  alloy;  it  appears  that  it  will  probably  be  best  to  make  an  alloy 
with  15  to  20  per  cent  silicon.  In  fact,  utilization  of  ores  high  in 
silica  appears  to  demand  such  a  silicon  content. 

PRODUCTION  OF  SILICOMANGANESE. 

Very  little  silicomanganese  has  been  used  in  the  United  States, 
although  it  is  widely  used  abroad,  being  made  in  large  amounts  in 
Sweden,  France,  and  Switzerland.  Harden  "^  gives  the  Swedish  pro- 
duction of  ferromanganese  as  2,000  tons  per  year  and  that  of  silico- 
manganese as  3,500  to  4,000  tons.  He  says  the  silicomanganese  is 
made  from  a  mixture  of  manganese  ore  and  quartz.  Lyon,  Keeney, 
and  Cullen  ^  state  that  it  is  also  made  from  rhodonite  ore.  Swedish 
practice  is  said  '^  to  utilize  Bessemer  and  blast-furnace  slags  for  the 
manufacture  of  silicomanganese. 

While  the  demand  for  silicomanganese  is  still  low  in  the  United 
States,  one  firm,  the  Pacific  Electro  Metals  Co.,  is  making  it.  The 
ore  used  contains  40  per  cent  Mn,  23  per  cent  SiO,  very  little  phos- 
phorus, and  practically  no  CaO,  MgO,  or  AljOg.  Quartz  is  added  to 
the  ore  to  form  a  mixture  of  about  30  per  cent  Mn  and  35  to  40  per 
cent  SiOz.  A  low-grade  ore  of  this  composition  would  be  acceptable. 
Steel  scrap  is  also  added  to  the  charge,  and  the  alloy  produced  runs 
50  to  55  per  cent  Mn.  20  to  25  per  cent  Si,  0.6  per  cent  C,  0.2  per  cent 
P,  and  the  remainder  iron.  The  power  consumption  per  long  ton  of 
alloy  produced  is  said  to  be  5,800  kw.-hours,  and  the  coke  consump- 
tion 1,400  to  2,000  pounds  in  a  3,000-kw.  furnace.  The  furnace  is 
run  without  flux,  low-ash  coke  being  desirable,  and  the  whole  charge 
is  reduced  to  metal,  just  as  in  ferrosilicon  smelting.  This  would  be 
possible  only  with  a  practically  gangue-free  ore. 

The  absence  of  slag  avoids  the  usual  loss  of  manganese  in  the  slag 
incident  to  making  ferro-alloy— the  manganese  recovery  in  making 
silicomanganese  being  95  per  cent.  That  is,  with  an  ore  of  this 
grade,  20  per  cent  more  manganese  is  recovered  in  alloy  than  when 
ferro-alloy  is  made — or  4  tons  of  ore  made  into  silicomanganese 
gives  as  much  usable  manganese  as  5  tons  made  into  ferromanganese. 

a  Harden,  J.,  Utilization  of  manganese  ores  in  Sweden:  Met.  and  Chem.  Eng.,  vol.  17,  1917,  p.  701. 

t'  Lyon,  D.  A.,  Keeney,  R.  M.,  and  Cullen,  J.  F.,  work  cited. 

(■News  item,  Manganese  from  steel  slags:  Min.  and  Sci.  Press,  vol.  llfi,  .\pr.  6,  1918,  p.  486. 
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/is  regards  conservation,  silicomangauese,  rather  than  fcrro,  should 
therefore  be  made  from  ores  low  in  lime  and  alumina. 

The  addition  of  iron  is  probably  due  to  the  buyer's  specification. 
It  is  illogical  to  add  ii'on,  use  power  to  melt  it,  and  then  have  to  ship 
't  to  the  steel  works  where  all  it  does  is  to  chill  the  steel  bath  when 
the  alloy  is  added.  By  leaving  out  the  ii'on  an  alloy  containing  68 
per  cent  IVIii,  2  per  cent  Fe,  29.5  per  cent  Si,  0.3  per  cent  C,  and  0.23 
per  cent  P  could  be  produced  and  should  be  preferable  to  the  alloy 
now  made. 

FUTURE   OF  HIGH-SILICA  ORES  DEPENDENT  ON  USE  OF   SILICO- 

MANGANESE. 

Any  utiUzation  of  low-grade  ores  high  in  siUca  postulates  that  the 
;iteel  industry  can  and  will  use  siUcomanganese. 

Only  a  few  brief  calculations  are  required  to  prove  that  there  is 
enough  steel  produced  for  castings,  forgings,  etc.,  to  which  both 
ferromanganese  and  ferrosihcon  are  added,  to  absorb  a  very  large 
production  of  silicomangauese.  Common  sense  and  foreign  practice, 
as  well  as  actual  large-scale  experiments  in  this  country,  indicate 
not  only  that  this  alloy  can  be  used,  but  that  its  use  is  distinctly 
desu-able.  ° 

It  should  be  noted  that  the  high-silicon  aUoys  contain  very  little 
carbon,  so  that  where  recarburization  is  now  done  by  ferromanganese 
or  Spiegel,  other  means  of  recarburization,  such  as  the  use  of  charcoal, 
coal,  or  coke,  must  be  resorted  to  when  silicomanganese  is  substituted 
for  ferro  or  spiegel.  The  low  carbon  content  would,  on  the  other 
hand,  often  be  a  distinct  advantage. 

CARBON    CONTENT    OF    MANGANESE    ALLOYS. 

The  relation  of  the  silicon  to  the  carbon  content  in  alloys  containing 
GO  to  80  per  cent  manganese  is  shown  by  the  curve  in  figure  13. 
Silicospiegels  of  lower  manganese  content  will  give  a  curve  lying 
below  this  one,  as  iron  takes  up  less  carbon  than  manganese.  The 
smelting  temperature,  as  well  as  the  practice  with  regard  to  carbon, 
affects  the  carbon  content;  but  for  alloys  made  by  electric  smelting 
at  normal  smelting  temperature  and  with  an  excess  of  carbon,  the 
curve  is  closely  accurate.  As  regards  alloys  with  less  than  5  per  cent 
silicon,  the  carbon  content  may  vary  about  0.75  per  cent  from  the 
values  shown  by  the  curve.  For  alloys  with  10  per  cent  siHcon  the 
deviation  will  be  less  than  0.5  per  cent  carbon;  for  those  with  15  per 
cent  silicon  and  higher,  the  deviation  will  be  only  0,1  to  0,2  per  cent 
carbon. 

a  Sec  Swann,  T.,  The  development  of  the  ferromanganese  industry  in  the  United  States  since  1914:  Chem. 
and  Met.  Eng.,  vol.  19, 1918,  p.  672. 
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REASONS   FOR    EXPERIMENTAL    WORK. 

It  is  natural  that  commercial  electric-fm-nace  plants  should  pro- 
cure the  higliest  grade  raw  material  available.  For  this  reason 
little  is  known  about  the  actual  working  possibilities  of  low-grade 
manganiferous  ores.  If  any  experiments  have  been  made  on  such 
ores,  the  records  have  not  been  published.  Their  behavior  m  the 
electric  furnace  can,  to  a  certain  extent,  be  predicted  by  a  metal- 
lurgist skilled  in  smelting  high-grade  ores,  but  beyond  a  certain 
point,  such  predictions  become  little  more  than  speculation. 

As  the  United  States  has  immense  known  deposits  of  low-grade 
ores,  many  of  which  are  not  amenable  to  ordinary  methods  of 
gravity  concentration,  the  study  of  the  smelting  of  such  materials 
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Silicon,  per  cent 
FiGtTEE  13.— Curve  shovring  relation  of  carbon  to  silicon  in  ferro-silicomanganese  alloys. 

in  the  electric  furnace,  as  herein  described,  vcas  undertaken  by  the 
Bmcau  of  Mines.  It  was  felt  that  if  information  could  thereby  be 
secured  that  would  make  any  portion  of  these  immense  ore  reserves 
commercially  available,  a  real  contribution  would  be  made  to  the 
country's  resources. 

CLASSES    OF   LOW-GRADE    ORES. 

In  the  utilization  of  low-grade  domestic  ores,  one  would  natm-ally 
start  with  the  best  of  such  ores — that  is,  those  highest  m  manganese 
or  lowest  in  silica,  leaving  the  leaner  ores  imtil  experience  had  been 
gamed  on  the  better  ores.  Attention  should,  then,  be  paid  (1)  to 
ores  high  in  silica,  low  in  manganese,  and  low  in  phosphorus,  like 
the  low-grade  Butte  ores;  (2)  to  similar  ores,  but  high  in  ratio  of 
phosphorus  to  manganese,  such  as  the  Philipsburg  ores;  and  (3) 
to  those  high  in  iron,  such  as  the  Cuymia  ores. 

Exact  analyses  of  the  low-grade  Butte  ores  are  not  available, 
but  from  Pardee's  statements  <=^  we  may  assume  that  large  tonnages 

oPardee,  J.  T.,  Manganese  at  Butte,  Mont.:    U.  S.  Geol.  Survey  Bull.  600,  191S,  pp.  123-125. 
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of  ore  containing  25  per  cent  Mn,  40  per  cent  SiO,  3.  5  per  cent  Fe, 
approximately  5  per  cent  AljOg,  less  than  0.  05  per  cent  P,  13  per 
cent  loss  on  ignition,  and  only  a  trace  of  CaO,  should  be  available. 
Obviously,  such  ore  would  be  eminently  fitted  for  the  manufacture  of 
silicomanganese,  smelting  without  a  slag,  provided  the  alumina  did 
not  form  a  stiff  slag  of  sufficient  volume  to  give  trouble.  In 
attempting  complete  reduction  of  this  ore  some  aluminium  would 
probably  be  reduced  into  the  alloy;  but  as  this  aluminium  would 
act  first  in  the  deoxidizing  work  of  the  alloy  in  steel,  being  thus 
eliminated  and  at  the  same  time  protecting  the  manganese,  its  pres- 
ence would  probably  not  be  detrimental.  In  fact  silicomanganese- 
aluminum  of  high  aluminium  content  is  used  abroad  as  a  deoxidizer. 
The  low  phosphorus  content  of  this  ore  and  its  low  content  of  slag- 
forming  constituents  make  it  appear  one  of  the  most  promising  of 
the  low-grade  ore. 

The  Phihpsburg  (Montana)  ore  is  low  in  iron  and  the  deposits  are 
large.  Special  lots  of  low-grade  Philipsburg  ore  have  given  the 
following  analyses : 

Results  of  analyses  of  low-grade  Philipsburg  {Montana),  manganese  ores. 


Lot  No. 

Mn. 

Fc. 

SiO. 

CaO-MgO-BaO. 

AI2O3. 

P. 

I>oss  on 
ignition. 

1 

Per  cent. 
29.5 
26.6 
24.1 
28.7 
26.4 

Per  cent. 
2.5 
2.8 
1.6 
2.4 
2.5 

Per  cent. 
25.0 
35.9 
37.7 
28.5 
36.4 

Per  cent. 

9.6 
6.7 
7.7 
4.1 
7.5 

Per  cent. 
1.5 
5.8 
1.6 
3.4 
1.9 

Per  cent. 
0. 105 
.24 
.37 
.14 
.21 

Per  cent. 
18.7 

2a 

13.3 

2bb 

12.7 

2of 

14.6 

4c 

11.8 

a  Contained  both  lump  and  screenings.        t  Lump  picljed  ofl  grizzly.        c  Screenings,  J-inch  screen. 

The  lump  and  screenings  are  obtained  in  the  concentration  (by 
hand  picking  and  screening  only)  of  the  run-of-mine  ore.  The 
screenings  are  thought  to  constitute  about  20  per  cent  of  the  ore  as 
mined.  This  type  of  ore  is  too  basic  to  allow  running  without  a 
flux.  The  ratio  of  phosphorus  to  manganese  content  is  high. 
There  would  then  be  two  problems,  namely,  how  to  flux  the  ore  and 
how  to  obtain  an  alloy  low  in  phosphorus. 

EXPERIMENTAL    WOEK. 

To  solve  these  and  similar  problems,  advantage  was  taken  of  the 
electric-furnace  equipment  of  the  Bureau  of  Mines  field  office  at 
Cornell  University,  Ithaca,  N.  Y.  Small-scale  experiments  of  this 
sort  are  admittedly  inconclusive.  They  go  a  long  way,  however, 
toward  replacing  speculations  and  proving  theories,  and  may 
safely  be  used  as  guides  to  large  tests  on  a  commercial  scale. 

The  ores  used  in  the  tests  were  obtained  from  Philipsburg. 
Their  analyses  are  given  in  the  foregoing  table. 
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DESCRIPTION  OF  FURNACE  USED. 

A  single-phase  furnace  with  conducting  bottom,  with  a  carbofiax 
(carborundum)  lined  shaft  14  mches  in  diameter  and  18  inches  deep, 
surmounted  by  a  fire-brick  shaft  12  inches  deep,  was  built.  The 
upper  electrode  was  a  square  carbon  4  by  4  inches.  The  carbo- 
rundum lining  worked  well,  and  required  few  repairs.  What  little 
patching  was  required  was  readily  done  with  a  cement  of  fine 
carborundum  and  water  glass.  Inasmuch  as  many  of  the  slags 
were  acid,  a  magnesite  lining  would  not  have  been  satisfactory. 
As  the  runs  were  intermittent  a  carbon  lining  would  have  been 
liable  to  oxidation  Avhile  the  furnace  was  cooling  between  rmis. 
The  furnace  uses  about  65  kw.,  or  1,450  amperes  at  50  volts,  with  an 
average  power  factor  of  90. 

PRELIMINARY  TESTS. 

Some  continuous  runs  of  about  14  hours  were  made  with  screenings 
that  passed  a  ^-inch  screen,  keeping  the  shaft  full  of  ore  and  tapping 
at  intervals.  The  ore  contained  much  fine  dust,  and  was  too  fine  to 
bridge  well ;  hence  in  most  runs  the  furnace  was  nm  discontinuously, 
one  charge  being  smelted  and  tapped  before  a  succeeding  charge  was 
added.  The  tap  hole  was  closed  with  a  charcoal  plug  and  a  wad  of 
fire  clay  rammed  over  the  plug.  In  tapping,  the  fire  clay  was  dug 
out,  when  the  charcoal  could  be  readily  barred  out.  Starting  with  a 
cold  furnace,  it  took  about  8  hours  to  smelt  three  batches  of  ore  each 
of  100  pounds.  To  obtain  a  slag  low  in  manganese,  and  a  high 
recovery  of  manganese  in  the  alloy,  it  was  necessary  to  run  the 
furnace  hot,  using  not  less  than  60  to  65  kw.  A  fairly  fluid  slag 
and  a  considerable  excess  of  reducer  were  also  required.  The  excess 
of  reducer  does  not  usually  come  out  of  the  furnace  with  the  slag, 
Ijut  accumulates  from  heat  to  heat  in  the  furnace  bottom,  so  that  in 
commercial  operation  after  the  first  few  heats  considerably  less 
reducer  would  be  needed  than  was  required  in  the  experimental 
work.  The  excess  of  coke  or  charcoal  holds  some  slag  and  metal  in 
its  pores  so  that  the  "dross"  scraped  out  of  the  furnace  after  a  series 
of  runs  is  always  higher  in  manganese  than  the  slag.  In  commercial 
operation  the  "dross"  would  remain  in  the  furnace  and  the  metal 
lost  in  operation  on  an  experimental  scale  would  be  recovered. 

The  manganese  content  of  the  slag  on  the  first  heat  in  a  cold 
furnace  is  always  higher  than  on  subsequent  heats,  even  though  the 
slags  may  be  tapped  at  equal  temperatures. 

STANDARDIZATION  OF  FURNACE. 

For  these  reasons  the  manganese  recovery  to  be  expected  in  the 
commercial  operation  would  be  higher  than  that  obtained  in  small- 
scale  experiments.     Power  consumption  and  electrode  consumption 
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ill  a  small  furnace,  when  the  furnace  is  started  cold  and  only  a  short 
run  is  made  will  be  much  higher  than  in  commercial  i:)ractice.  A 
rough  factor  for  calculating  power  consumption  in  large-scale  opera- 
tions can  be  obtained  by  running  a  high-grade  ore  in  the  small 
furnace  and  comparing  the  power  used  with  that  required  in  commer- 
cial operation  on  such  an  ore. 

Such  a  standardization  was  made  with  a  high-grade  ore — Phihps- 
burg  concentrates — analyzing  47.7  per  cent  Mn,  1.9  per  cent  Fe, 
8.7  per  cent  SiOj,  2.1  per  cent  CaO,  1.1  per  cent  AljOg,  0.08  per  cent  P, 
14.2  per  cent  loss  on  ignition.  The  usual  basic  slag  was  made. 
The  results  follow: 

Run  52. — Three  charges,  each  consisting  of  100  pounds  of  ore,  3  pounds  of  steel 
scrap,  14  pounds  of  coke  (metallurgical  coke,  j-inch  mesh;  analyzing  4.75  per  cent 
HjO,  10.3  per  cent  ash,  of  which  1.4  per  cent  was  Fe,  4.3  per  cent  SiOj,  2.5  per  cent 
ALOs,  0.8  per  cent  CaO),  14  pounds  of  charcoal  (crushed  to  about  h  inch),  and  20 
pounds  of  CaCOs  (marble,  crushed  to  J  inch).  Time  of  run,  8  hours  10  minutes; 
power  used,  440  kw. -hours  (180  kw. -hours,  first  heat;  140,  second  heat;  120,  third 
heat).  Obtained  158.2  pounds  of  metal,  containing  82.0  per  cent  ]\In,  2.0  per  cent 
Si,  0.12  per  cent  P;  84.3  pounds  of  slag,  containing  8.5  per  cent  Mn;  and  11  pounds  of 
dross  containing  34.5  per  cent  Mn.  Mn  distribution:  In  metal  90.5  per  cent,  in  slag 
4.2  per  cent,  in  dross  2.7  per  cent,  volatilization  and  dusting  loss  2.6  per  cent.  Re- 
covery of  P  in  metal,  79  per  cent. 

As,  in  commercial  practice,  not  over  4,000  kw.-hours  per  long  ton 
of  alloy  would  be  required  on  such  an  ore  in  a  3,000-kw.  furnace, 
or  2.2  kw.-hours  per  pound  of  metallic  manganese  in  the  alloy,  and 
as  the  last  two  taps  in  the  small  furnace  used  3.0  kw.-hours  per 
pound  of  manganese  in  the  alloy,  it  appears  that  75  per  cent  of  the 
power  used  per  pound  of  alloy  in  the  experimental  furnace  on  the 
last  two  taps  of  a  run  on  300  pounds  should  give  the  approximate 
power  required  commercially.  A  previous  run  (No.  50)  on  this  high- 
grade  ore,  using  the  same  flux,  and  adding  5  pounds  of  mill  scale, 
to  supply  iron,  10  pounds  of  burnt  lime,  and  33  pounds  of  charcoal 
per  100  pounds  of  ore,  gave  an  alloy  of  77  per  cent  Mn,  2  per  cent  Si, 
0.16  per  cent  P,  with  a  manganese  recovery  of  79  per  cent.  Some 
of  the  heats  were  not  given  enough  power,  and  some  of  the  slags 
were  high  in  manganese.  It  was  calculated  that  under  correct 
operating  conditions  88  per  cent  of  the  manganese  would  have 
been  recovered.  This  calculation  was  checked  by  the  results  of  run 
52.  The  results  of  these  inins  indicated  that  a  mixture  of  half 
coke  and  half  charcoal  was  as  good  a  reducer  as  all  charcoal. 

FLUXING  TESTS  WITH  HIGH-SILICA  ORE. 

A  series  of  fluxing  tests  was  made  with  a  high-silica  ore,  namely, 
the  Philipsburg  screenings,  lot  4  (see  table  of  analyses),  containing 
26.4  per  cent  Mn,  2.5  per  cent  Fe,  36.4  per  cent  SiO^,  7.5  per  cent 
CaO-l-AlgO,  1.9  per  cent  AI2O3,  and  0.21  per  cent  P,  with  11.8  per 
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cent  loss  oii  ignition.  In  all  the  runs  10  pounds  of  coke  and  10 
pounds  of  cliarcoal  were  used  per  100  pounds  of  ore,  except  in  run 
73  in  which  15  pounds  of  each  were  used.  No  steel  scrap  was  added 
except  0.5  pound  per  100  pounds  of  ore  in  run  70.  The  results  of 
the  runs  are  summarized  as  follows : 

ResiiUs  of  fluxing  tests  ivith  high-silica  ore. 
CHARGES   AND   I'OWER  CONSUMI'TIOK. 


Run  No. 


70. 
69. 
67. 
68. 

73. 


CaO  per 

100 
pounds 
of  ore. 


rovnds. 

72 
28 
10 


None  till 
end, then 
3..5. 


CaFj  per 

100 
pounds 
of  ore. 


Pounds. 


CaO  per 

pound  of 
silica, 
includ- 
ing CaO 

equivalent 
to  bases 


Pounds. 

1.30 

.60 

.36 

.20 

None  till 

end,  then 

0.30. 


CaFj  ]jer 
pound 

of 
silica. 


PouTids. 


0.19 
0.40 


0.28 


Ore 
used. 


Pounds. 
300 
300 
300 
300 

200 


Time  of 
run. 


H.  min. 


Power 
con- 
sumed. 


k.u  .-hours. 
522 
450 
453 
452 

469 


PRODUCTS  AND  POWER  CONSUMPTION. 


Alloy 

made 

per  100 

pounds. 

Analysis  of  alloys. 

Slag 

made 

per  100 

pounds. 

Mn 

in 
slag. 

P 

in 

slag. 

Kw.- 

hours 

Kw.- 

hours 

Run 
No. 

Mn. 

Si. 

P. 

per 
pound 
of  alloy, 
includ- 
ing all 
heats. 

per 
pound 
of  Mn, 
includ- 
ing all 
heats. 

70 

Pounds. 
23.8 
18.4 
21.9 
26.3 
26.7 

Per  cent. 
71.0 
71.4 
73.0 
71.0 
72.7 

Per  cent. 
13.0 
11.6 
13.0 
15.5 
19.8 

Per  cent. 
0.60 
.73 
.68 
.60 
.  57 

Pounds. 
93 
61 
65 
59 
17 

Per  cent. 
6.0 
11.5 
14.0 
12.0 
23.1 

Per  cent. 
0.04 
.06 
.04 
.04 
.04 

7.3 
8.2 
6.9 
5.75 

10.2 

69 

11.4 

67 

9.5 

68 

8.1 

73         ..   .. 

8.8     '            12.0 

DISTRIBUTION  OF  ELEMENTS  IN  PERCENTAGES  OF  TOTAL. 


In  metal. 

In  slag. 

In  dross. 

Loss. 

Mn. 

Si. 

P. 

Mn. 

I'. 

Mn. 

P. 

Mn. 

P. 

70 

63 
50 
60 
71 
73 

I' 

8 
11 
14* 

68 
64 
70 
75 
72* 

21 
26 
34 
27 
21 

IS 
18 
3i 

'I' 

16 
17 
3 
2 
0 

13 

69           

7 
6 

5.V 
(a)- 
(a) 
lOJ 

12J 

67   

13i 

68         

m 

73       

12 

a  Amount  of  dross  small;  Included  in  weight  of  slag  and  in  sample  of  slag  for  analysis. 

More  power  was  used  in  run  70  than  in  the  othei-s  because  of  the 
large  amounts  of  CaCOg  charged.  The  slag  was  very  stiff  in  rmi  69 
and  an  arc  had  to  ])e  used  to  tap.  More  power  might  have  given  a 
slightly  better  recovery. 
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In  run  73  more  reducer  was  used  than  in  the  other  runs,  and  no 
flux  was  added  till  the  end.  Two  batches  of  100  pounds  of  ore  each 
were  added  before  tapping.  The  metal  tapped,  but  the  slag  was 
too  stiff  to  run;  the  fluxes  were  than  added,  and  45  kw. -hours  were 
used  (included  in  the  469  total  in  the  table)  to  get  the  slag  out.  It 
then  tapped  well. 

With  the  same  power  input  for  runs  69  and  67  as  for  run  70,  run 
67  would  have  given  better  results  than  run  70,  but  the  results  of  run 
69  would  not  have  been  as  satisfactory  as  for  run  70,  the  slag  being 
too  stiff.     The  acid  slags  containing  fluorspar,  however,  tapped  well. 

Considering  the  cost  of  power  and  fluxes,  it  appears  that  the  acid 
slags  of  runs  67  and  68  were  preferable  to  the  basic  slag  of  run  70. 
It  is  noteworth}^  that  the  basic  slag  did  not  prevent  the  reduction 
of  silicon  in  run  70.  The  recovery  of  manganese  was  higher  in  run 
73,  operating  without  flux  until  the  furnace  got  clogged  with  slag 
and  then  fluxing  out  the  slag,  but  the  power  consumption  was  too 
high.  The  flux  of  run  68 — all  CaFj,  except  for  the  CaO  in  the  ore 
itself — gave  the  best  results  metallurgicall}".  The  slag  of  run  68  was 
very  fluid,  and  some  of  the  CaFj  could  probably  have  been  replaced 
by  CaO,  using  a  flux  intermediate  between  those  of  runs  68  and  73. 
Slags  made  with  fluorspar,  are,  for  an  equal  Ca  content,  much  more 
fluid  than  those  made  with  lime. 

ADVANTAGES  OF  ACID  SLAG. 

Tlie  percentage  of  manganese  is  somewhat  lower  in  a  strongly 
basic  slag  than  in  an  acid  slag,  but  the  weight  of  slag  formed  is 
much  greater.  Hence,  the  weight  of  manganese  lost  in  the  slag  is 
greater  with  the  basic  slag,  when  the  SiO,  content  of  the  ore  is  much 
above  25  per  cent.  When  the  ore  is  fluxed  to  a  basic  slag  the  cost 
of  handling  and  disposing  of  the  excess  slag  formed  must  be  con- 
sidered. The  cost  of  the  lime  flux  for  the  basic  slag  would,  of  course, 
be  lower  than  that  of  the  fluorspar  required  to  produce  an  acid  slag 
fluid  enough  to  tap;  although  in  a  large  furnace,  where  the  tap  hole 
would  notfreeze  as  readily  as  in  the  small  one  when  tapping  a  sticky 
slag,  the  amount  of  fluorspar  could  doubtless  be  materially  reduced. 
The  weight  of  manganese  lost  in  the  slag  is  greater  with  the  basic 
slag,  when  the  SiOj  content  of  the  ore  is  much  above  25  per  cent. 
When  the  ore  is  fluxed  to  a  basic  slag  the  cost  of  handling  and  dis- 
posing of  the  excess  slag  formed  must  be  considered.  The  cost  of 
the  lime  flux  for  the  basic  slag  would,  of  course,  be  lower  than  that 
of  the  fluorspar  required  to  produce  an  acid  slag  fluid  enough  to  tap; 
although  in  a  large  funiace,  where  the  tap  hole  would  not  freeze  as 
readih^  as  in  the  small  one  when  tapping  a  sticky  slag,  the  amount  of 
fluorspar  could  doubtless  be  materially  reduced. 
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It  will  be  noted  that  in  the  best  run  (No.  68),  the  ratio  of  phos- 
phorus to  manganese  in  the  alloy  was  1:118,  whereas  in  the  ore  the 
ratio  was  1:135.  Thus  it  appears  that  phosphorus  and  manganese 
were  recovered  in  about  the  same  proportion. 

TEST  OF  REDUCERS. 

On  account  of  the  variation  in  commercial  practice  as  to  the  re- 
ducer used,  anthracite,  coke,  or  a  mixture  of  coke  and  charcoal  being 
used  by  different  firms,  a  scries  of  tests  was  made  with  reducers. 

Some  prelimhiary  runs  in  a  small  furnace  taking  only  about  20 
pounds  of  ore  per  charge  were  made.  The  Philipsburg  screenings 
used  contahied  29.5  per  cent  Mn,  2.5  per  cent  Fe,  25.0  per  cent 
SiOz,  9.5  per  cent  CaO  +  MgO,  1.5  per  cent  AI2O3,  and  0.105  per  cent 
P,  and  showed  18.7  per  cent  loss  on  ignition.  The  following  results 
were  obtained,  the  same  power  input  being  used  in  each  run: 

Results  of  tests  of  reducers  in  small  electric  furnace. 

Run  ram  Run 

rharge:  21).  21.  22. 

Ore pounds. .  20  20  20 

Coke - do 0  

Anthracite do 5  

Charcoal do 5 

Calcium  fluoride  (CaFa) do....     2\  2}  2> 

Analysis  of  alloy  made: 

Manganese  (Mn) per  cent. .  74.  0  77.  3  75.  3 

Silicon(Si) do....  13.0  4.6  12.5 

Phosphorus  (P) do....     0.24  0.32  0.20 

Recovery  in  alloy: 

Manganese do C6  43  66 

Phosphorus do 57  52  40 

Anthracite  gave  the  lowest  recovery.  The  recovery  with  coke  was 
the  same  as  that  with  charcoal. 

Runs  48  and  49  were  then  made  in  the  larger  furnace.  The  slag 
used  was  calculated  for  a  ratio  of  CaO  to  SiOg  of  0.4:1,  which  in  the 
later  fluxing  tests  was  shown  to  be  too  stiff  a  slag  for  good  recovery. 
Seventy-five  pounds  of  ore  was  used  per  charge  and  the  fm*nace  was 
run  12  to  13  houre.  The  data  on  the  average  ore  mixture  used,  the 
composition  of  the  charge,  and  the  results  follow: 

Data  on  reducer  tests  uith  large  electric  furnace. 

Ore  mixture:  Run 48.  Run 49. 

Mn per  cent. .  28.  7  29. 0 

Fe do....  2.4  2.2 

SiOj do....  28.5  26.5 

CaO do 4.1  4.2 

AI2O3 do....  3.3  2.7 

P do 14  .16 

Loss  on  ignition do 14.  5  16.  5 
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Charge  (weight  of  constituent  to  each  100  pounds  of  ore  i:  Kun  48.  Hun  49, 

CaCos pounds . .  12  12 

Charcoal do 12.  3  None. 

Coke do None.  13. 5 

Quantity  of  ore  charged do 900  825 

Time  of  run hours . .  12.  25  13 

Power  used kw.-hours . .  714  710 

Weight  of  alloy  made pounds. .  182.  0  146. 1 

Composition  of  alloy: 

Mil per  cent. .  74.0  76. 0 

Si do..-.  10.0  8.0 

P do 34  .38 

Weight  of  slag  made pounds . .  496  462 

Manganese  in  slag per  cent . .  16.  4  18. 3 

Recovery  in  alloy : 

]\In do ... .  52  46 

P do ... .  49  42 

As  regards  the  two  tests,  although  the  ore  used  in  run  49  was 
shghtly  higher  in  manganese  and  lower  in  silica,  and  although  more 
power  was  used  per  unit  weight  of  ore,  charcoal  gave  better  results 
than  coke.  However,  neither  result  was  satisfactory,  the  slag  being 
too  acid  and  holding  up  too  much  manganese.  A  slag  of  the  same 
acidity  made  with  fluorspar  would  have  showTi  better  results.  The 
amount  of  reducer  in  both  tests  was  too  small  for  good  results. 

COMMENTS  ON  TJSE  OF  RHODOCHROSITE. 

As  the  lot  of  ore  used  in  run  48  was  exhausted  before  run  49  was 
finished,  the  last  few  charges  in  run  49  were  made  with  a  mixture 
of  uncalcined  rhodochrosite  and  Philipsbui^  lump  (lot  2b).  On 
account  of  the  high  loss  (31  per  cent)  on  ignition  of  the  rhodochro- 
site, it  gave  trouble,  even  when  mixed  with  the  other  ore.  The 
large  volume  of  CO,  given  off  by  the  raw  rhodochi'osite  tended  toward 
excessive  electrode  consumption,  and  probably  also  toward  wasting 
of  the  reducer  in  the  charge.  If  ore  so  high  in  volatile  matter  falls 
into  the  melt  before  it  has  been  thoroughly  calcined  in  the  shaft, 
the  furnace  will  "blow/'  or  form  a  "volcano." 

For  these  reasons,  and  because  it  should  be  cheaper  to  calcine  by 
fuel  heat  than  to  expel  COg  by  electric  heat  in  the  furnace,  it  will 
probably  be  found  desirable  to  calcine  rhodochrosite  ore  before 
charging  it  into  the  electric  fiurnace.  The  ore  decrepitates  somewhat 
on  calcination,  and  the  product  may  have  to  be  screened,  the  coarse 
material  being  then  smelted  continuously  and  the  fines  fed  to  a 
separate  fm'nace  as  fast  as  the  melt  wiU  take  the  ore,  but  without 
keeping  the  shaft  piled  full,  in  order  to  keep  down  dust  losses.  Rho- 
dochrosite, may,  in  fact,  be  too  high  grade  an  ore  for  electric  smelt- 
ing without  being  mixed  with  orcs  containing  more  slag-forming 
constituents. 

The  anah'sis  of  the  rhodochosite  used,  after  complete  calcination, 
was  53.5  per  cent  Mn,  2.9  per  cent  Fe,  8.8  per  cent  SiOg,  1.65  per  cent 
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CaO+MgO,  1.4  per  cent  AlA^  and  0.04  per  cent  P.  Fluxed  to  the 
ordinary  basic  slag  and  with  suitable  addition  of  steel  scrap,  this 
would  give  only  about  1,050  pounds  of  slag  per  long  ton  of  80  per 
cent  ferromanganese  produced.  Compared  to  the  40  per  cent  Mn 
20  per  cent  SiO.^  oro  in  common  use,  which,  when  similarly  slagged, 
gives  about  4,000  pounds  of  slag  per  long  ton  of  alloy,  the  rhodochro- 
site  may  cause  too  short  a  column  of  slag,  and  hence,  at  the  low 
voltage  of  a  ferromanganese  furnace,  may  not  present  sufficient 
electrical  resistance  to  develop  enough  heat. 

In  the  ordinary  three-phase,  nonconducting-bottom  furnace,  the 
current  may  flow  from  one  electrode  to  the  other  two  by  two  paths — 
(1)  through  slag  entirely,  or  (2)  from  the  electrode  straight  down 
through  the  slag  to  the  alloy  beneath  and  then  through  the  alloy 
to  directly  beneath  the  other  electrodes,  and  up  through  the  slag 
again  to  the  other  electrodes.  With  too  short  a  column  of  slag, 
path  1  presents  the  least  resistance  and  will  result  in  the  generation 
of  heat  in  the  slag  in  three  spots  only.  With  a  deeper  slag  column, 
the  resistance  of  the  path  from  one  electrode  to  another  through  the 
slag  only  is  less  than  that  from  electrode  to  electrode  by  way  of 
slag,  alloy,  and  slag.  If  the  power  input  is  too  low,  the  large  mass 
of  metal  below  the  slag  may  get  cool  enough  to  make  tapping  diffi- 
cult, and  the  slag  itself  may  not  get  hot  enough  for  complete  reduc- 
tion of  manganese,  resulting  in  high  manganese  loss  in  the  slag. 
If,  in  order  to  develop  enough  heat,  the  furnace  is  run  as  an  arc 
furnace  instead  of  as  a  resistance  furnace,  local  overheating  will 
occur  and  manganese  will  be  lost  by  volatilization.  In  this  connec- 
tion, the  comments  of  Bardwell*^  on  smelting  rhodochrosito  are  of 
interest. 

TESTS  OF  EFFECT  OF  SIZE  OF  REDUCER  CONSTITUENTS. 

Runs  50  and  52,  previously  mentioned,  had  shown  that  the  mix- 
ture of  half  coke  with  half  charcoal  worked  as  well  as  all  charcoal. 
When  all  one-fourth-inch  coke  was  used  as  reducer,  some  of  the  excess 
of  fine  coke  tended  to  emulsify  with  the  slag,  coming  out  with  it  and 
making  it  harder  to  tap.  When  half  coke  and  half  charcoal  was  used 
this  was  not  the  case.  It  was  thought  that  larger  coke  might  give  better 
results,  so  a  scries  of  runs  was  made  to  test  this  assumption  and  to 
compare  the  results  from  coke  and  from  anthracite  with  the  results 
of  runs  in  which  a  mixture  of  half  coke  with  half  charcoal  was  used. 
The  results  of  the  tests  arc  presented  in  the  table  following.  The 
ore  used  was  Philipsburg  screenings,  lot  4,  containing  26.4  per  cent 
Mn,  2.5  per  cent  Fe,  36.4  per  cent  SiOa,  7.5  per  c^nt  CaOH-MgO,  1.9 
per  cent  AUO^,  and  0.21  per  cent  P,  with  a  11.9  per  cent  loss  on 
ignition.     It  was  crushed  to  pass  a  one-half-inch  screen.     As  a  flux, 

oBardwell,  E.  S.,  Discussion;  Bull.  4?,  Am.  Insi .  Mining  En.;.,  Nov.,  191S,  p.  ICol. 
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oiilj  14.5  pounds  of  CaF  was  used  Y>er  100  pounds  of  ore.  Three 
heats  were  made  on  each  run;  that  is,  300  pounds  of  ore  was  used  in 
each  run. 

Results  of  tests  of  reducers  to  determine  effect  of  size  of  constituents. 


Riui  No. 

Coke  a 
(1-ineh). 

Charcoal 
(Hnch). 

Coke  b 
(Itoi 
inch). 

Cokeb 

(less  than 

i-inch). 

.Vnthra- 
cite  c 
(f  toi 
inch). 

Anthra- 
cite d 

(less  than 
J-inch). 

Reeovcrv 
ofMn. 

Recovery 
oJP. 

68 

Pounds. 
10 

Pounds. 
10 

Pounds. 

PourM. 

Pounds. 

Pounds. 

PiT  cent. 
71 
54 
35 
46 

Per  cent. 
75 

71                             

21 

68 

71 

21 

72 

21 

65 

75                     

■ 

21 

32                  53 

Time. 

Power 
used, 
kw.- 
hoiirs. 

Alloy 
made. 

Composition  of  alloy. 

Dross. 

Run  Kg. 

Mn. 

."i. 

P. 

Slag 
made. 

in 
slag. 

P. 

Mn 
Weight,    con- 
tent. 

P 

con- 
tent. 

68 

Hr.min. 
7    20 
7    15 

6  45 

7  0 
0    55 

452 
4.50 
4.^0 
4.50 
450 

Lh.s. 
78.8 
60.8 
57.6 
50.7 
<7  3.3.6 

P.ct. 
71.0 
71.0 
73.5 
72.0 
73.6 

P.  ct. 
15.  5 
16.3 
13.2 
15.0 
11.5 

P.ct. 

0.60 
.71 

(/) 
.81 

1.00 

Lbs. 
177 
156 
183 
200 
205 

P.ct. 
12.0 
15.4 
15.0 
15.6 
13.1 

P.ct. 
0.04 
.06 
(/) 
.03 
.03 

Lh!<.   :  p.ct. 

5       (O 

P.  a. 

71  

21 
29 
29 
06 

14.9 
21.0 
13.9 
20.7 

0.13 

74 

(/) 

72        

.31 

75 

.14 

a  Metallurgical  coke,  4.75  p?r  cant  H2O,  10.3  per  cent  ash. 

6  Gas  coke,  13.8  por  e?nt  ash. 

c  4.5  per  cent  H2O,  8.5  per  cent  ash. 

d  3.5  per  c?nt  H2O,  13  per  cent  ash. 

« Included  in  slag. 

/  Xot  determined. 

g  The  fine  coal  Iving  on  the  slag  at  the  end  of  a  tap  ran  out  \Tith  the  slag,  leaving  less  excess  reducer  in 
the  furnace  on  the"  last  two  heats  than  in  the  other  rims.  In  run  75,  20  to  24  pounds  of  dross  was  obtained 
oneaeh  tap.    In  the  other  runs  the  dross  was  all  taken  out  after  the  last  tap  only. 

These  results  indicate  that  anthracite  is  not  as  good  a  reducer  as 
coke,  perhaps  because  anthracite  is  less  porous,  giving  less  area  of 
contact  with  the  melt.  It  would  be  interesting  to  know  whether 
the  difference  in  the  performance  of  coke  and  anthracite  would  be 
as  marked  in  a  large  furnace  as  it  was  in  the  experimental  one.  The 
experimental  work  indicates  that,  at  least  ^\\th.  a  highly  sihceous 
ore,  the  mixtm-e  of  coke  and  charcoal  used  by  the  Noble  Electric 
Steel  Co.  should  be  highly  desirable  where  charcoal  is  available. 

SLAG-SMELTING  TESTS. 

In  the  summer  of  1917  Prof.  F.  F.  Mcintosh,  consulting  chemist 
of  the  Bureau  of  Mines,  and  assistants,  made  some  tests  at  the 
Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.,  on  making  man- 
ganese alloys  from  slags.  A  oO-kw.  furnace  was  used.  The  slags 
were  not  fluxed,  and  as  the  iron  and  manganese  were  reduced  out 
the  slags  became  stiff,  so  that  the  furnace  had  to  be  torn  down  after 
each  tap.  The  results,  therefore,  could  hardly  be  applied  directly 
to  commercial  practice.  Table  30  gives  a  summary  of  some  of  the 
results. 
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Ruiis  K  aud  L  indicated  that  charcoal  was  a  better  reducer  than 
coke.  Evidently  such  manganese-bearing  slags  need  to  be  fluxed, 
so  as  to  make  a  fluid  slag,  as  they  contain  11  to  22  per  cent  ALOg  +  CaO, 
but  those  of  about  25  per  cent  Mji  content  could  be  used  to  make 
silicomanganese.  The  basic  open-hearth  slag  used  in  run  H  was 
rather  high  in  phosphorus.  The  other  slags  were  low  in  phosphorus, 
and  hence  made  alloys  very  low  in  that  element. 

EFFECT  OF  PHOSPHORUS  CONTENT  OF  ORES, 

In  the  experimental  runs  low-grade  ores  high  in  phosphorus  gave 
an  alloy  rather  high  in  that  constituent.  If  smelted  with  the  shaft 
kept  full  of  ore,  the  alloy  might  be  still  higher  in  phosphorus.  A 
considerable  loss  of  phosphorus  by  volatilization  took  place,  and 
the  slags  were  always  rather  low  in  phosphorus,  no  matter  what 
the  original  content  in  the  ore  was,  or  whether  the  slag  was  acid  or 
basic.  The  percentage  recoveries  of  phosphoinis  and  of  manganese 
in  the  aUoy  were  usually  within  a  few  per  cent  of  each  other. 

Lyon,  Keeney,  and  CuUen  °  state  that  in  the  electric  smelting 
of  ferromanganese  all  the  phosphorus  in  the  charge  goes  mto  the 
metal,  and  that  in  makmg  ferrosilicon  most  of  it  does,  owmg  to  the 
strongly  reducmg  conditions. 

Newton  ^  makes  a  similar  statement  in  regard  to  blast-funiace 
ferromanganese  smelting.  Continuous  smelting  with  the  shaft  kept 
full  of  ore  will  tend  to  condense  any  volatilized  phosphorus,  so  that 
the  losses  found  m  the  experimental  smelting  by  batches  may  not 
occur  m  normal  practice.  Doubtless  the  lower  the  ore  is  in  phos- 
phorus the  less  will  escape.  The  remarks  cited  are,  of  course,  based 
on  normal  practice  ^^■ith  low  phosphorus  ores.  However,  W.  W. 
Clark,  former  manager  of  the  Noble  Electric  Steel  Co.,  states  ^  that 
phosphorus  is  volatilized  in  the  Noble  ferromanganese  furnace. 

Lonergan'^  cites  a  test  run  at  the  Iron  ^fountain  Alloy  Co.  works  on 
ore  having  a  very  low  phosphorus  content  (less  than  0.04  per  cent  P) 
in  which  52.6  per  cent  of  the  phosphorus  contained  in  the  ore,  coal, 
and  limestone  was  recovered  in  the  ferromanganese,  14,75  per  cent  in 
the  slag,  and  6,06  per  cent  in  "dirty  metal  and  slag,"  leaving  31,4 
per  cent  phosphorus  lost  by  volatilization  and  in  dust.  Lonergan 
concluded  that  the  greater  part  of  this  loss  is  purely  mechanical,  the 
phosphorus  in  the  dust  being  retained  in  its  original  form.  He 
assumes  that  any  volatilized  phosphorus  would  go  off  as  phosphine. 

The  wi'iters  see  nothing  to  prevent  elemental  phosphorus  being 
volatilized,  as  it  is  in  electric-furnace  production  of  phosphorus,  and 
bm'ning  to  the  oxide  as  soon  as  it  reaches  the  air. 


a  Lyon,  D.  A.;  Keener,  R.  M.;  and  Ciillcn,  J.  F.:  The  electric  furnace  in  metullargical  work:  Bull.  77, 
Bureau  of  Mines,  1017,  pp.  144,  166, 

6  Novrton,  E,,  Manganiferous  iron  ores  of  the  Arizona  District,  Minn.:  Bull.  5,  Minn.  School  of  Mines 
Exp,  Station,  Univ.  of  Minn.,  ISIS,  p.  75. 

5  Personal  commiuiication. 

d  Lonergan,  J.,  Eliminating  phosphorus  and  sulphur  in  electric  ferromanganese  furnaces:  Mot.  and  Chem. 
Eng.,  vol.  20, 1919.  p.  2-1.3. 
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If  S\A  per  cent  of  the  inaiigauese  also  was  lost  in  dust,  to  say 
notliiug  of  volatilization,  then  Loncrgan's  assumption  that  phos- 
phorus was  lost  only  mechanically  would  be  justified;  but  according 
to  Keeney,  *  the  average  loss  by  volatilization  and  dusting  in  the  Iron 
Mountain  Alloy  Co.'s  practice  is  7.3  per  cent.  It  would  therefore 
appear  that  even  on  ores  so  low  in  phosphorus  an  appreciable  amount 
of  the  phosphorus  is  volatilized. 

TESTS  WITH  HIGH-PHOSPHORUS  ORES. 

Runs  60  and  61  were  made  with  Philipsburg  lump  ore,  lot  3b,  con- 
taining 24.1  per  cent  Mn,  1.6  per  cent  Fe,  37.7  per  cent  SiOa,  7.7  per 
cent  CaO+MgO,  1.6  per  cent  AI2O3,  and  0.37  per  cent  P,  with  12.8 
per  cent  loss  on  ignition.     The  procedure  and  results  were  as  follows: 

Results  o/run  60 — discontinuous  smelting,  each  charge  being  tavped  before  adding  the  next. 

[Furnace  cold  at  start.] 


Charge  a.     Charge  b. 


Total  for 
run. 


Make-up  of  charge: 

O  re IMunds . . 

CaCOa  (0.32  pound  CaO+O  per  pound  of  SiOj) do 

CaFj  (18  pounds  per  pound  of  SiOc) do 

Coke do 

Charcoal do 

Steel  scrap do 

Time  of  run 

I'ownr  u.scd kw. -hours. . 

Me  I  a  1 1  apped jwimds . . 

Slas  tapped  a do 


100 

8 

7 

7.5 

7.5 

0.5 

3h.  25  m. 

149 

6.0 

65.0 


100 

8 


8.5 


None. 

2h.  25ni. 

130 

18.7 

70.5 


5h.  50ni. 

279 

24.7 

135.5 


Analvfis  of  metal: 

Mil 

Si 

r 

Analv.sisof  slag: 

Mn 

P 


Per  cent. 
...  66.0 
...     13.5 


0.71 

15.0 

O.T 


Distribution  of  metal: 

Mn 

P 


Per  cent. 

34.0 

27.5 


Distribution  of  slag: 

Mn 

P 


42.5 
14.5 


a  Some  slag  stuck  in  furnace. 

Results  of  run  61 — continuous  smelting,  shaft  being  kept  full. 

[Total  charge  in  iwunds:  Ore,  400;  CaCOa  (0.35  pound  CaO  per  pound  of  SiO;"),  40;  CaFs  (1.18  pound  per 
pound  of  SiOj)  28;  coke,  38.5;  charcoal,  38.5.] 


Tap  No. 

After. 

Kw.. 
hoars 
used. 

Metal 
tapped. 

Analysis  of  metal. 

Slag 

Analysis  of  slag. 

Mn. 

Si. 

P. 

tapped. 

Mn. 

P. 

1 

Hr.  min. 
2    30 

1  50 

2  55 
40 

142 
141 
141 

28 

Pounds. 
13.5 
30.1 
31.1 

.8 

Per  ct. 
66.5 
70.5 
70.0 

Per  ct. 
11.6 
16.5 
18.3 

Per  ct. 

O.SO 

.95 

.93 

Pounds. 

92.8 

84.0 

30.0 

a42.5 

Per  ct. 
17.1 
13.2 
11.8 
10.5 

Per  ct. 
0  07 

2 

09 

3 

12 

4 

15 

1 

Total 

7    55 

452 

75.8 

1 

Average 

69.0         16.0 

.93 

249.3 

14.0 

095 

Distribution. 

Mn. 

P. 

Metal 

Per  cent. 
54.5 
35.5 
10  5 

Per  cent. 

Slag 

21.5 

Loss 

21 

a  Includes  dross. 
a  Keeney,  R.  M.,  The  manufacture  of  ferroalloys:  Bull.  Am.  Inst.  Min.  Kng.,  August,  1918,  p.  1333. 
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These  results,  compared  with  those  from  run  68,  show  that  the 
power  supply  was  insufficient  for  good  recovery  of  the  m.anganese, 
452  kw. -hours  being  used  on  400  pounds  of  ore  in  run  61  and  452  on 
300  pounds  of  ore  in  run  68.  The  reducer  was  probably  not  in 
too  small  excess,  and  a  slag  higher  in  CaFg  would  have  given  better 
results.  Under  proper  conditions  this  ore  should  give  the  71  per  cent 
recovery  of  run  68,  when  the  increased  reduction  of  manganese  and 
silicon  should  bring  the  phosphorus  dow^l  to  about  0.75  per  cent. 

TESTS  ON  VOLATILIZATION  OF  PHOSPHORUS. 

As  the  volatilization  of  phosphorus  is  probably  due  to  to  its  reduc- 
tion from  the  calcium  phosphate  in  the  slag  to  elemental  phosphorus, 
which  will  then  either  volatilize  or  be  absorbed  by  the  metal,  it  would 
appear  that  if  only  enough  reducer  were  used  to  reduce  Fe  and  Mn 
to  FeO  and  MnO,  and  P2O5  to  P,  and  the  charge  were  held  molten 
for  a  time  before  more  reducer  were  added  to  cause  a  metal  fall,  the 
elimination  of  phosphorus  would  be  favored.  With  this  considera- 
tion in  mind,  run  62  was  made. 

In  this  run  each  of  the  three  batches  charged  consisted  of  100 
pounds  of  lot  2b  ore,  10  pounds  of  CaCOg,  7  pounds  of  CaFj,  and 
2  pounds  each  of  coke  and  charcoal.  After  the  batch  was  melted  it 
was  kept  molten  for  20  minutes,  then  8  pounds  each  of  charcoal  and 
coke  were  added.     The  results  were  as  follows: 

Results  of  run  62. 


Tap. 

Time. 

Kw.. 
hours 
uaed. 

Quan- 
tity of 
metal 

Analysis  of 
metal. 

Quan- 
tity of 

slag 

ob- 
tained. 

Analysis  of 
slag. 

Quan- 
tity of 
dross 
ob- 
tained. 

Analysis  ot 
dross. 

ob- 
tained. 

Mn. 

Si. 

P. 

Mn. 

P. 

Mn. 

P. 

Ilr.min. 
3         5 
2       35 
2       20 

182 
131 
130 

Lbs. 
13.5 
19.8 
15.0 

P.ct. 

P.ct. 

P.ct. 

1.29 

.97 

1.16 

Lbs. 
67 
78 
70 

P.ct. 
13.3 
11.8 
11.7 

P.ct. 

o.os 

.06 
.10 

Lbs. 

P.ct. 

P.  el. 

b 

27 

17.1 

0.16 

Total 

8         0 

443 

48.3 

215 

! 

71.0 

14.0 

1.12 

12.€ 

.07 

i 

Distribution:                                                                                        ^in-  -P- 

Metal percent..  42  49 

Slag  and  dross do 43  31 

Loss do 15  20 

As  there  was  a  considerable  excess  of  reducer  left  after  each  tap, 
which  would  cause  too  early  a  metal  fall  and  collect  phosphorus, 
another  run  (No.  63)  was  made,  omitting  the  reducer  from  the  charge 
till  all  had  been  melted  20  minutes  (except  on  the  first  charge), 
letting  the  excess  reducer  remain  in  the  furnace  after  each  tap,  and 
then  adding  10  pounds  of  coke  and  10  pounds  of  charcoal.  Five 
pounds  of  NaCl  was  added  to  each  charge.  Otherwise  the  charges 
were  as  in  run  62.     The  results  obtained  were  as  follows: 
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Tap. 

Time. 

Kw.- 

lioiirs 
used. 

Quan- 
tity of 
metal 

ob- 
tained. 

Analysis  of 
metal. 

Qtian- 
tity  of 
slag. 

tained. 

Analysis  of 
slag. 

Mn. 

SI. 

P. 

Mn. 

P. 

IlT.min. 
3        15 
3        .30 
2        1.5 

P.ct. 
182 
136 
131 

Lbs. 
13.0 
20.6 
21.2 

P.cl. 

P.ct. 

P.ct. 
1.42 

.75 

.SO 

X6.9. 
72 
81 
93 

P.ct. 
12.0 
11.9 
11.0 

P.ct. 
0.02 

1) 

.03 

0.03 

Total 

9         0 

449 

54.8 

246 

71.6 

14.5 

.  St3 

11.5 

.03 

1  81ag  includod  in  dross. 

r>iHlribution:  Mn. 

Metal per  cent. .  54.  5 

Slag do 39.  5 

Loss do G 


P. 

4(3 

6 

48 


On  the  assumption  that  a  more  acid  slag  might  help,  another  run 
(No.  64)  was  made,  the  total  charge  being  practically  the  same  as 
in  runs  G2  and  6.3,  but  divided  as  follows: 


Charge/or  run  64,  in  poumls. 
vVdded  at  utart: 

Ore 

Charcoal 

CaCOg 

CaF, 

Added  after  heating  20  minutes: 

Charcoal 

Coke 

CaCOj 

CaFj 


Batch  a. 
..  100 
..  4 
..       3 


G 
10 

7 


Batch  b. 

100 

None. 

5 


10 
10 

8.5 

G 


Ecsidls  of  run  64. 


Tap. 

'rinic. 

Kw.- 
hours 
used. 

Quan- 
tity of 
metal 

ob- 
tained. 

Analysis  of  metal. 

Quan- 
tity of 
slag  ob- 
tained. 

Analysis  of 
slag. 

Dross. 

Mn. 

^i. 

P. 

Mn. 

P. 

IIt.  min. 
4    30 
2    35 

210 

148 

Pounds. 
9.3 
10.9 

Perct. 
68.0 
71.8 

Per  cl. 

12.8 
11.8 

Perct. 
1.45 
1.57 

Pounds. 
65 
63 

Perct. 
18.0 
18.0 

Perot. 
0.11 

.09 

Lbs. 

b 

17 

Total 

7      5 

3.58 

20.2 

128 

Av('ra:-'e 

70.0 

12.5 

i.52 

18.0 

.10 

Distribution :  Mn.  P. 

Metal per  cent. .  29.  5  42 

Slag do 48  17.  5 

Loss do. . . .   22  40.  5 

As  the  results  of  this  run  were  not  promising,  another  run  (No.  59) 
was  made  in  which  the  excess  reducer  was  carefully  scraped  out 
after  each  tap,  so  that  only  the  four  pounds  of  reducer  charged  with 
the  ore,  as  in  run  62,  would  be  present. 
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Ill  run  59,  the  charge  at  the  start  consisted  of  100  pounds  of  ore 
(lot  2b),,  S  pounds  of  CaCOg,  5  pounds  of  CaFg,  and  4  pounds  of 
charcoal.  After  all  was  melted  for  20  minutes,  6  pounds  of  charcoal 
and  6  pounds  of  coke  were  added;  then  the  furnace  was  tapped. 
This  procedure  was  repeated  four  times.     The  results  follow: 

Results  of  run  59. 


Tap. 

Time. 

Kw.- 
hours 
used. 

Quan- 
tity of 
metal 
recov- 
ered. 

-Vnalysls  of  metal. 

Quan- 
tity of 
jlagand 
dross 
recov- 
ered. 

Analysi."!  of 

slag  and 

dross. 

Mn. 

Si. 

P. 

Mn. 

P. 

nr.min. 
4     0 

200 
130 
116 

Pounds. 
12.5 
10.2 
9.6 

Per  ct. 

\  66.0 

66.2 

Perct. 
11.9 
12.3 

Pcrct. 

0.70 

.64 

Poufid-'i. 

/    85.3 

\    80.5 

85.7 

Pcrct. 
17.1 

Pcrct. 

0.10 

.06 

b 

c...                       

2    50 
2    45 

Total 

Q     S-. 

446 

249.50 

32.3 

G6.0 

12.0 

.68 

17.0 

.09 

1 

Distribution : 

Metal 

Slag 

Loss .... 


Mn.  P. 

.percent..  29.5  19.5 

....do....  58.5  20 

....do....  12  60.5 


These  results,  owing  to  the  poor  slag  and  the  lack  of  sufRcient  ex- 
cess reducer,  are  far  from  satisfactory  as  regards  recovery  of  man- 
ganese, but  they  are  somewhat  promising  as  regards  volatilization 
of  phosphorus. 

The  low  recoveries  of  manganese  in  this  series  were  doubtless 
largely  due  to  the  ore  not  being  properly  fluxed.  This  defect  was 
not  realized  till  the  later  runs  on  fluxing  were  made.  However,  it 
is  evident  that  one  requirement  for  high  recovery  of  manganese, 
namely,  an  excess  of  reducer,  and  one  for  high  volatilization  of  phos- 
phorus, namely,  no  excess  reducer  beyond  that  necessary  to  form 
MnO,  FeO  and  P  (that  is,  no  metal  fall  to  collect  phosphorus),  are 
incomj^atible.  It  is  hardly  practicable  to  clean  the  furnace  from  all 
excess  carbon  after  each  tap. 

DEPHOSPHORIZATION   AND    SMELTING  IN  TWO   STAGES. 

Therefore,  the  only  procedure  metallurgically  possible  seems  to  be 
to  carry  out  the  dephosphorization  in  one  furnace,  ruiming  "uith  just 
enough  reducer  to  form  JkInO,  FeO,  and  P,  and  holding  the  charge 
molten  for  a  while  to  allow  the  phosphorus  to  escape;  then  to  tap 
the  hot  slag  mto  a  second  furnace,  add  excess  reducer,  and  smelt  the 
previously  dephosphorized  slag. 

As  it  would  be  difficult  to  determine  the  exact  point  where  there 
is  complete  reduction  to  'MnO,  FeO,  and  P,  and  as  the  electrode  %\tU 
also  supply  a  httle  carbon,  it  would  probably  be  more  feasible  to 
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provide  the  depliospliorizing  furnace  witli  mclal  and  slag  taps,  the 
latter  bemg  at  a  higher  level.  The  slag  can  thereby  be  tapped  into 
the  second  fiu-nacc,  and  a  very  little  high-phosphorus  metal  can  be 
taken  either  at  each  slag  tapping  or  at  longer  intervals.  This 
scheme  would  eliminate  phosphorus  not  only  b}'  ^'olatilization  but 
also,  in  part,  by  concentration  into  the  first  metal  to  fall. 

That  this  method  is  metallurgically  possible  is  showTi  by  the  re- 
sults of  runs  56  and  57,  presented  in  the  following  tabulations: 

Charges  used  in  run  56. 
[Figures  in  pounds.] 


Charge. 

Ore.o 

Char- 
coal. 

Coko. 

CuCOa. 

CaFj. 

Steel 
scrap. 

MiU 
scale. 

a 

100 
100 
100 
100 
75 

9.5 
2.5 
2.5 
6.5 
4 

9.5 
2.5 

2.5 
5.5 
4 

15 
8 
8 
6 

5 

6 
5 
5 
5 
4 

b.               

10 

d. 

15 

11 

o  From  lot  2i>. 

NOTE.S. — 

a.  Run  to  reduce  considerable  Mn. 

b.  Rim  to  reduce  very  little  Mn,  steel  scrap  added  to  collect  P. 

c.  Rim  to  reduce  very  little  Mn. 

d.  Run  to  reduce  very  lit  t  le  Mn,  and  leave  Fe  in  slag  from  mill  scale, 
c.  Rim  to  reduce  very  little  Mn,  but  all  tlie  mill  scale. 

Charges  used  in  run  67. 


Char^.. 

Ore. 

Char- 
coal. 

CaCOi. 

NaCl. 

50 

ao 

1.9 
1.9 

6.6 
6.6 

4.3 

b 

4.3 

Notes. — 

a.  Rim  to  reduce  very  little  Mn. 

h.  Rim  to  reduce  a  Rood  deal  of  Mn. 

It  was  hoped  that  the  addition  of  NaCl  would  form  phosphorus  chlorides  or  oxychlorides  that  might  bo 
more  readily  volatile. 

Results  of  runs  56  and  57. 


Bun. 

Time. 

Kw.- 
hours 
used. 

Quan- 
tity of 
alloy 
made. 

Analysis  of 
alloy. 

Slag. 

iVnalysis  of 
siag. 

Mn. 

P. 

Mn. 

P. 

563 

Ilr. 

3 

1 

1 

1 

2 

1 

2 

min. 
15 
25 
40 
20 
1.50 
106 
35 

130 
73 
60 
59 

105 
41 
88 

Pounds. 
13.2 
12.8 
2.0 
2.6 
11.1 
.4 
9.0 

Perct. 
66.5 
41.1 
69.6 
18.8 
41.8 
32.3 
50.1 

Per  ct. 
0.96 
1.02 
1.41 
1.23 
1.32 
1.07 
.39 

Pounds. 
74.8 
99.5 
87.0 
86.0 
59.0 
49.0 
41.0 

Perct. 
15.8 
22.0 
23.0 
21.6 
21.6 
21.0 
1G.6 

Perct. 
0.05 

56b 

.12 

56c 

.11 

56d 

.10 

56e 

.05 

57a 

.09 

57b 

.11 

a  Furnace  cold  at  start. 


b  Furnace  hot  at  start. 
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Results  of  runs  56  and  57 — Continued. 

DISTRIBUTION   OF  MN.   AND   P. 


Run. 

Mn. 

P. 

Alloy. 

Slag. 

Loss. 

Alloy. 

Slag. 

Loss. 

56a               

Perct. 

37 

17 

6 

2 

26 

1 
33 

Perct. 
49 
91 
83 

78 

74 

97.5 

56 

Perct. 
14 
eS 
11 

20 

0 

1.5 
11 

Perct. 

34.5 

34.5 

7.5 

9 

40 
2 

19.5 

Perct. 

11 

32.5 

26 
6  41 

Zi 
638 
7.5 

24.5 

24.5 

Perct. 
53.5 

5f)b 

33 

56c                            

52.5 

56d                          

53 

56c 

52.5 

57a                   

72.5 

57b 

56 

a  Gain. 


6  Including  dross. 


The  results  of  runs  56b,  56c,  and  57a  indicate  that  by  proper  care 
85  to  90  per  cent  of  the  manganese  could  be  recovered  in  the  slag^ 
with  only  about  25  to  30  per  cent  of  the  phosphorus,  the  slag  having 
about  23  per  cent  manganese  and  0.10  per  cent  phosphorus  where  the 
original  ore  had  24  and  0.37  per  cent,  respectively,  or,  on  the  basis  of 
the  calcined  ore  (deducting  loss  on  ignition),  27.5  and  0.42  per  cent. 

Attempts  to  smelt  the  dephosphorized  slags  without  the  proper 
flux  and  mth  too  little  reducer  gave  low  recoveries  of  manganese. 
After  tests  had  indicated  the  flux  and  reducer  needed,  similar  tests 
were  again  made.  Not  enough  ore  from  lot  2b  was  left  for  a  run, 
so  ore  from  lot  4  was  added.     The  charges  were  as  follows: 

In  run  76  (dephosphorization),  57  pounds  of  lot  4  ore,  averaging 
25.4  per  cent  Mn,  2.1  per  cent  Fe,  37.2  per  cent  SiOz,  and  7.6  per  cent 
CaO+MgO;  43  pounds  of  lot  2b  ore,  averaging  1.7  per  cent  Al^O^, 
0.29  per  cent  P,  and  12.1  per  cent  loss  on  ignition;  4  pounds  of  char- 
coal; and  7  2  pounds  of  CaFg,  were  charged  in  two  batches.  The 
results  were  as  follows: 

Results  of  run  76  {dephosphorization). 

Charge  1. 

Time 2  h.  10  m. 

Kw. -hours  used 125 


Alloy  made pounds. .  2.  9 

Manganese  in  alloy per  cent . .  54. 

Phosphonis  in  alloy do 2.  5 

Slag  made pounds. .  96.  7 

Manganese  in  slag per  cent. .  23.  4 

Phosphonis  in  slag do .1 

Distribution  of  manganese: 

Metal per  cent . .  9 

Slag do ... .  79 

Loss do .  —  12 

Distribution  of  phosphorus: 

Metal do. . . .  29.  5 

Slag do ... .  29.  5 

Loss do 41 


Charge  2. 
Ih.  35  m. 
100 
4.5 
64.1 

2.12 
82 
20.3 
.09 
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Tho  second  lap  was  run  a  little  too  long  and  too  raucli  metal 
reduced. 

The  slags  were  then  smelted.  In  order  to  determine  what  the 
results  wouhl  be  if  both  slags  and  metal  were  run  into  the  smelting 
furnace  from  the  dephosphorizing  furnace,  the  metals  as  well  as  the 
slags  were  recharged. 

In  rmi  77  (smelting)  the  first  charge  consisted  of  96.7  pounds  of 
slag,  2.9  pounds  of  metal  from  run  76  (1),  17  pounds  of  charcoal 
(charcoal  only  v/as  used,  the  coke  supply  being  exhausted),  and  7^ 
pounds  CaF,.  Tho  second  charge  consisted  of  82  pounds  of  slag, 
4.5  pounds  of  metal  from  run  76  (2),  17  pounds  of  charcoal,  and  7^ 
pounds  CaF,.     The  results  were  as  follows: 

Renulls  of  run  77  (smelting) . 

Total  (or 
Charge  1.        Charge  2.         average.) 

Time 2  h.  35  m.  1  h.  55ni.     -1  h.  30  m. 

Kw.-hours  used 175  130  305 

Metal  recovere<l pounds . .     23.  7  21.  5  45.  2 

Manganese  in  metal per  cent . .     75.  2  72.  5  74 

Silicon  in  metal do 17.  2 

Phosphorus  in  metal do....         .53  .53  .53 

Slag  recovered pounds. .     50  00  IIG 

Manganese  in  slag per  cent . .       9.  8  8.  8  9.  2 

Phosphorus  in  slag do 06  .07  .65 

Based  on  the  manganese  and  phosphorus  in  the  slag  and  metal 
charged  in  run  77,  the  distribution  was  as  follows: 

Percentage  distrihution  of  Mn  and  P  based  on  analysis  of  shig  and  metal  charged. 

Mn.  r. 

MctaJ 75  70.5 

Slag 24  20.5 

Loss...: 1  9- 

Based  on  the  analysis  of  original  ore  charged  in  run  76,  the  distri- 
bution when  both  slag  and  metal  of  that  run  were  recharged  was  as 
follows : 

Percentage  distrihution  of  manganese  and  phosphorus,  based  on  original  ore. 

Mn.  r. 

Final  metal GO  41.  5 

Final  slag 21  12 

Loss,  dephosphorizing  run 12  41 

Loss,  smelting  run 1  5.  5 

The  fact  that  the  manganese  loss  was  12  per  cent  in  the  first 
(dephosphorizing)  run,  as  compared  wnth  1  per  cent  in  the  second 
(smelting)  run,  although  the  temperature  was  much  higher  in  the 
second,  indicates  that  the  loss  in  smelting  is  more  by  dusting  than  by 
volatilization.  The  true  volatilization  loss  appears  to  be  small  as 
long  as  the  furnace  is  run  as  a  resistance  furnace,  or  with  only  a  small 
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submerged  arc.  A  large,  open,  higli-voltage  arc  would  doubtless 
volatilize  manganese. 

To  find  what  the  results  would  have  been  had  the  metal  obtained 
in  run  70  not  been  recharged  in  run  77,  we  may  subtract  the  7.4 
pomids  of  alloy,  with  its  content  of  4.4  pounds  of  manganese  and 
0.17  pound  of  phosphorus,  from  the  45.2  pounds  of  alloy  obtained  in 
run  77,  with  its  33.4  pounds  of  manganese  and  0.24  pound  of  phos- 
phorus. This  would  leave  37.8  pounds  of  alloy,  containing  29  pounds 
of  manganese,  7.75  pounds  of  sihcon,  and  0.07  pound  of  phosphorus, 
and  analyzing  about  77  per  cent  of  manganese,  20  per  cent  silicon, 
and  0.18  per  cent  phosphorus,  most  of  the  iron  being  taken  out  in 
the  first  alloy. 

The  distribution,  based  on  the  content  in  the  original  ore,  would 
then  have  been: 

Perceninge  disiribuiion  of  Mn  and  P  when  the  alloy  "Is  not  resm^lted. 

Mn.  V. 

Final  metal 57  12 

Finalslag - 21  12 

Loss,  dephosphorizing  run 12  41 

Loss,  smelting  run 1  5.  5 

Discarded  in  first  metal '■>  29.  5 

If  the  second  charge  in  heat  76  had  not  been  run  so  long,  so  that 
only  2  or  3  pounds  of  metal  instead  of  4^  pounds  had  been  collected, 
the  recovery,  based  on  the  original  ore,  would  have  been  about  60 
per  cent. 

However,  if  the  liigh  phosphorus  alloy  charged  in  run  77  had 
been  left  out,  more  of  the  phosphorus  left  in  the  dephosphorized 
slag  might  have  gone  into  the  metal,  as  the  phosphorus  may  be 
expected  to  divide  itself  between  the  two  liquid  layers  somewhat 
according  to  the  concentration  of  phosphorus  in  each,  the  recovery 
of  the  0.075  pound  of  phosphorus  left  in  the  two  slags  might  have 
been  practically  complete.  This  would  have  given,  in  37.8  pounds 
of  alloy,  0.20  per  cent  phosphorus. 

Two  more  slags  were  made  from  the  same  charges  used  in  run  76, 
but  the  reduction  was  carried  further,  more  metal  being  reduced 
than  in  run  76.  The  slags  contained  an  average  of  20  per  cent 
manganese  and  0.10  per  cent  phosphorus.  These  were  smelted 
vv'ithout  the  addition  of  the  metal  obtained  in  the  dephosphorizing 
run  and  gave  an  alloy  of  about  72  per  cent  manganese,  27  per  cent 
silicon,  and  0.17  per  cent  phosphorus,  with  a  recovery  of  71  per  cent 
manganese,  based  on  the  manganese  content  in  the  slags  charged. 

As  in  runs  56  and  57,  the  slags  from  an  ore  containing  0.37  per 
cent  phosphorus  were  brought  down  to  0.10  per  cent  phosphorus 
in  the  dephosphorizing  run,  and  as  in  run  76  an  ore  containing  0.29 
per  cent  phosphorus  came  down  also  to  0.10  per  cent  phosphorus, 
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it  is  probable  that  the  slag  of  ores  containing  even  more  than  0.37 
per  cent  phosphorus  could  also  l)e  brought  down  to  about  the  same 
phosphorus  content  without  much  greater  loss  of  manganese. 

In  order  to  get  an  idea  of  the  power  that  would  be  needed  iu 
smelting  the  hot  dephosphorized  slag,  the  power  consumption  was 
noted  in  run  77  from  the  time  the  slag  was  thoroughly  melted — 
that  is,  in  about  the  condition  it  would  be  when  tapped  from  the 
dephosphorizing  furnace  till  the  end  of  the  heat.  On  the  first  heat, 
starting  with  a  cold  furnace,  95  kw.-hours  was  used  and  on  the 
second  85  kw.-hours  was  use<:l.  On  a  third  heat  70  kw.-hours  would 
probably  suffice. 

The  dephosphorization  heats  in  run  76  were  doubtless  continued 
longer  than  necessary,  as  in  heats  c  and  d,  run  56,  and  only  60  los'.- 
hours  was  needed. 

CONCLUSIONS    AS   TO   TWO-STAGE   PROCESS. 

It  would  appear  that  with  a  3,000-kw.  installation,  using  a  1,350- 
kv.-.  furnace  for  dephosphorization  and  a  1,650-kw.  furnace  for 
smelting,  12,500  pounds  of  ore  (containing  24  per  cent  Mn,  1.5  per 
cent  Fe,  38  per  cent  SiOj,  7.5  per  cent  CaO  +MgO,  0.4  per  cent  P, 
and  1.5  per  cent  Al.Og,  with  13  per  cent  loss  on  ignition),  mixed 
with  250  pounds  of  coke,  250  pounds  of  charcoal,  and  940  pounds 
of  fluorspar  (CaFa),  and  given  5,500  kw.-hours,  would  produce  250 
pounds  of  high  phosphorus  alloy,  with  about  50  per  cent  Mn  and 
2.5  per  cent  P,  containing  about  half  of  the  Fe  in  the  ore  and  about 
11,000  pounds  of  slag,  with  23  per  cent  Mn  and  0.10  per  cent  P. 
The  latter  tapped  hot  into  the  second  furnace  and  mixed  with  950 
pounds  of  coke,  950  pounds  of  charcoal,  and  860  pounds  of  fluorspar, 
and  smelted  vriib.  7,000  kw.-hours,  should  produce  2,350  pounds 
(equivalent  to  a  long  ton  of  80  per  cent  alloy)  of  an  alloy  containing 
76  per  cent  Mn,  4.5  per  cent  Fe,  18.3  per  cent  Si,  1.0  per  cent  C, 
0.20  per  cent  P,  with  a  recovery  of  60  per  cent  of  the  metallic  man- 
ganese in  the  original  ore. 

The  ore  smelted  direct  without  dephosphorization  would  give  an 
alloy  containing  about  73  per  cent  Mn,  S  per  cent  Fe,  17  per  cent  Si, 
1.25  per  cent  C,  and  0.75  per  cent  P,  with  a  recovery  of  70  per  cent 
of  the  manganese.  A  3,000  k.  v.  a.  installation  including  two  fur- 
naces as  suggested  above  would  produce  daily  4.5  long  tons  of  the 
dephosphorized  alloy,  contaming  7,700  poimds  of  Mn,  1,850  pounds 
of  Si,  456  pounds  of  Fe,  100  pounds  of  C,  and  20  pounds  of  P,  while 
a  single  3,000  k.  v.  a.  furnace  would  produce  daily  5.5  long  tons  of 
the  high-phosphorus  alloy,  containing  9,000  pounds  of  Mn,  2,100 
pounds  of  Si,  950  pounds  of  Fe,  185  pounds  of  C,  and  92  pounds 
of  P. 
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"V^Tietlier  the  lower  phosphorus  content  resulting  from  the  two 
furnace  treatments  would  compensate  for  the  lower  manganese 
recovery  and  the  lower  output  depends  on  whether  the  high-phos- 
phorus alloy  can  be  utilized. 

If  0.9  per  cent  of  standard  80  per  cent  ferromanganese — that  is 
to  say,  0.72  per  cent  ferromanganese — is  added  to  the  average  steel 
bath,  a  content  of  0.4  per  cent  phosphorus  in  the  ferromanganese 
(the  ratio  of  P  to  Mn  being  1  to  200)  would  raise  the  phosphorus 
content  of  the  steel  by  0.0036  per  cent.  Ferro  alloy  of  this  ratio 
has  been  accepted  by  some  steel  makers  during  the  manganese 
shortage. 

The  alloy  containing  73  per  cent  manganese,  17  per  cent  silicon, 
and  0.75  per  cent  phosphorus  would  raise  the  phosphorus  content 
of  the  steel  by  0.0074  per  cent,  while  the  alloy  containing  76  per  cent 
manganese,  18.3  per  cent  silicon,  and  0.2  per  cent  phosphorus  would 
raise  it  only  0.0019  per  cent.  Either  alloy  would  raise  the  silicon 
content  of  the  steel  17  points,  or  a  little  less,  as  some  silicon  will  be 
lost  by  oxidation. 

An  indefinite  quantity  of  manganese  alloys  high  in  phosphorus 
can  doubtless  be  absorbed  by  the  cteel  industry.  Cromlish,<»  in 
fact,  suggested  making  a  spiegel  with  13  to  25  per  cent  manganese 
and  2.2  to  3.4  per  cent  phosphorus  from  "flush"  and  "tapping" 
cinders  and  utilizing  this  in  the  manufacture  of  the  steel  sheet, 
where  a  phosphorus  content  higher  than  normal  is  required  to  keep 
the  sheets  from  sticking  together  in  pack-rolling. 

During  the  preliminary  runs,  and  in  some  runs  not  reported  herein, 
with  ores  high  in  phosphorus,  when  the  proper  flux  or  reducer  was 
not  used,  a  number  of  alloys  running  from  65  to  75  per  cent  Mn,  3  to 
17  per  cent  Si,  1.3  to  5.3  per  cent  C,  and  1.6  to  0.7  per  cent  P  were 
produced.  An  assortment  of  these  alloys  has  been  sent  to  the 
Minneapolis  station  of  the  Bureau  of  Mines,  where  it  is  planned  to 
study  the  possibility  of  eliminating  the  phosphorus. 

According  to  Lang,  ^  by  melting  ferromanganese  high  in  phos- 
phorus under  manganese  oxide  (MnO,)  at  1,200°  C,  the  phosphorus 
may  be  eliminated.  A  couple  of  tests  were  made  at  Ithaca  by  melting 
the  ferro  alloys  high  in  phosphorus  under  high-grade  manganese-oxide 
ores.  No  dephosphorization  of  the  alloy,  but  instead  a  dephos- 
phorization  of  the  ore  occurred. 

TESTS  WITH  HIGH-SILICA  ORES. 

An  important  class  of  low-grade  manganese  ores  is  that  in  which 
manganese  and  iron  occur  in  about  equal  amounts,  with  or  without 
a  high  proportion  of  silica  or  phosphorus,  or  both,  to  manganese. 

o  Cromlish,  A.  L.,  U.  S.  Patent  1261907,  Apr.  9,  1918. 

6  Lang.G.,  German  Patent  252166,  class  18  b,  group  2,  Oct.  14,  1912. 
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Many  Cuyuna  ores,  sucli  as  the  products  of  the  Ferro  and  Mille 
Lacs  mines,  some  of  the  Appahichian  ores,  and  some  ores  from  Lead- 
ville,  Colo.,  fall  into  this  class.'' 

A  small  lot  of  such  an  ore  was  at  hand  from  the  Sultana  mine, 
Cuyuna  district.  The  lump  ore  analyzed  29.0  per  cent  Mn,  24.2 
per  cent  Fe,  4.5  per  cent  SiO,,  1.5  per  cent  CaO  +MgO,  3.7  per  cent 
AI2O3,  0.20  per  cent  P,  and  showed  ll.G  per  cent  loss  on  ignition. 

Such  an  oic,  smelted  direct,  would  give  about  a  50  per  cent  man- 
ganese alloy.  The  ratio  of  phosphorus  to  manganese  is  high.  It 
seems  desirable  to  produce  manganese  alloys  either  of  the  com- 
position of  Spiegel,  which  will  bear  cupola  melting,  for  adding 
hot  without  excessive  loss  of  manganese;  or  of  that  of  70  to  80 
per  cent  ferromanganese  for  adding  cold.  Alloys  of  intermediate 
composition,  say  40  to  60  per  cent  manganese,  where  the  balance 
is  iron  instead  of  silicon,  will  chill  the  steel  bath  badly  if  added  cold 
on  account  of  the  large  amounts  of  inert  iron  carried.  In  order  to 
add  such  alloy's  hot,  electric  melting  of  the  alloys  is  necessary,  as  they 
would  lose  too  much  manganese  in  cupola  melting.  Electric  melting, 
even  of  80  per  cent  ferromanganese,  is  probably  desirable,  but  few 
American  steel  plants  are  doing  so  as  yet,  and  the  necessity  of  install- 
ing electric  furnaces  in  order  to  utilize  the  50  per  cent  manganese 
alloys  would  be  an  obstacle  to  the  adaption  of  electric  melting. 
Where  silicomanganese  containing  60  per  cent  manganese  and  20  per 
cent  silicon  is  used  instead  of  both  ferromanganese  and  ferrosihcon, 
the  inert  iron  carried  by  the  silicomanganese  is  less  than  that  in  an 
equivalent  mixture  of  80  per  cent  ferromanganese  and  50  per  cent 
ferrosilicon. 

APPLICABILITY  OF  TWO-STAGE  PROCESS  TO  CUTUXA  ORES. 

As  SO  many  Cuyuna  ores  carry  an  undesirably  high  proportion  of 
phosphorus  to  manganese,  it  appears  that  if  electric  smelting  is  used, 
a  diflferential,  two-stage,  two-furnace  process  is  worth  consideration. 
The  bulk  of  the  iron,  a  little  manganese,  and  much  of  the  phosphorus 
may  be  reduced  in  the  first  furnace  to  a  high-phosphorus,  manganif- 
erous  pig  iron,  or,  in  an  ore  sufficiently  low  in  phosphorus,  to  a  spiegel, 
leaving  in  both  cases  a  slag  high  in  manganese,  low  in  iron,  and  low  in 
phosphorus  to  be  tapped  liot  into  the  second  furnace  and  there 
smelted  to  ferromanganese. 

RESULTS  OF  TESTS. 

Tests  with  the  two-stage  process  were  made  with  Cuyuna  ores. 
In  run  54,  three  heats  were  made,  each  charge  including  100  pounds 
of  Sultana  lump  ore,  3f  pounds  limestone  (tlie  furnace  bottom 
had  been  patched  with  dolomite  before  this  run,  and  some  of  the 

«  Harder,  E.  C,  Mangaiiiferous  iron  ores:  Bull.  690,  U.  S.  Geol.  Survey,  1918,  pp.  5,  8, 11. 
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dolomite  went  into  the  slags),  and  12  pounds  of  charcoal  (except  in 
heat  c,  where  10  pounds  was  used).     The  results  were  as  follows: 

Results  of  run  54. 


Heat. 

Time. 

n.   min. 
2       15 
1        20 
1        20 

0       15 

b 

c 

da 

Kw.- 
hours  Alloy. 

used.  I 


100 

58 
50 


X6s. 
30.2 
20.3 
20.0 

13.0 


Analysis  of  alloy. 


Mn.      Fc 


P.ct. 
24.5 
11.4 
10.5 

17.1 


P.ct. 
68.1 
82.5 
84.0 

75.3 


P.ct. 

0.07 
.23 
.02 

.40 


P.ct. 
2.35 
1.7 
2.25 

2.10 


P.ct. 

0.17 
.19 
.19 

.21 


Slag. 


Lhs. 

60.0 
41.0 
51.0 
f21.0 
1616.5 


Analysis  of  slag. 
Mn.      Fc.       P. 


P.ct. 
32.0 
44.8 
46.9 
36.1 
26.1 


P.ct. 
2.7 
5.9 
4.4 
3.0 

13.8 


P.ef. 
0.04 

.06 
.     .03 

Tr. 

.08 


DISTRIBTTTION  OF  Kn  Fe,  AND  P. 

Mn. 

Fc. 

P. 

In  metals 

Per  cent. 
13.5 
75.5 
11.0 

Percent. 
75 
12 
13 

Per  cenf. 
22 

13 

VnlfftiliT.jitirm  pnd  d^isf.  IrN<; 

65 

a  A  liltle  CaF,  was  added  and  a  lon^r  run  wa.s  made  to  got  the  slightly  stiff  slag  to  tap  more  cleanly  from 
the  fumaee. 
b  Mixed  slag  and  metal  shot  taken  from  furnace  l)Ottom  when  cold. 

The  reduction  in  heat  a  was  carried  too  far,  reducing  too  much 
]V£n.  With  experience  it  should  be  possible  to  leave  about  80  per 
cent  of  the  ^Mn,  15  per  cent  of  the  Fe,  and  20  per  cent  of  the  P  in  the 
slag;  take  out  10  per  cent  of  tiie  Mn,  75  per  cent  of  the  Fe,  and  20 
per  cent  of  the  P  in  the  metal;  and  lose  10  per  cent  Mn,  10  per  cent 
Fe,  60  per  cent  P  by  volatilization  and  dusting. 

Two  thousand  pounds  of  ore  plus  200  pounds  of  reducer  (half 
charcoal,  half  coke)  plus  200  pounds  of  limestone,  smelted  with 
1,000  kw.-hours  or  less,  would  then  produce  about  425  pounds  of 
alloy  (low-grade  spiegel)  containing  13  per  cent  Mn,  89.5  per  cent 
Fe,  2  per  cent  C,  and  0.  20  per  cent  P;  and  1,100  pounds  of  slag  con- 
taining 42  per  cent  ]\ln,  6.5  per  cent  Fe,  8  per  cent  SiOg,  and  0.07  per 
cent  P,  that  is  the  equivalent  of  a  high-grade  ore. 

This  slag  tapped  hot  into  the  second  furnace,  with  the  addition  of 
50  pounds  of  limestone  and  330  pounds  of  reducer  (half  coke,  half 
charcoal),  and  smelted  with  700  kw.-houi-s,  should  give,  assuming 
an  80  per  cent  recovery  of  the  Mn  in  the  slag,  460  pounds  of  alloy, 
analyzing  78.5  per  cent  "Mn,  14.4  per  cent  Fe,  1.0  per  cent  Si,  6.0 
per  cent  C,  and  0.15  per  cent  P,  and  about  550  pounds  of  waste  slag. 

The  recovery  of  the  IVIn  in  the  final  alloy  would  be  64  per  cent  of 
that  in  the  original  ore.  A  3,000-kw.  installation  would  then  use 
a  1,750-kw.  furnace  for  the  first  operation  and  one  of  1,250-kw.  for 
the  second. 
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In  run  55,  190  pounds  of  slag  chosen  from  the  slags  made  in  run  54 
and  in  another  similar  run  were  mixed,  the  composition  of  the  mixed 
slags  being  41.0  per  cent  Mn,  15  per  cent  SiOz,  3.4  per  cent  Fe,  and 

0.06  per  cent  P. 

Results  of  run  5-j. 


Heat. 

Charge. 

Mixed        r<,rc\ 
slags.        f^**^"* 

Charcoal. 

Coke. 

scale.        scrap. 

! 

a.                            

Pounds. 
100 

Pounds. 
10 

Pounds. 
18 

Pounds. 

Pounds. 
2.5 

Pounds. 

h 

90 

9  j               8 

8 

i.5 

■■] 

Heat. 

Time. 

Kw.- 

hours 
used. 

Alloy. 

Analysis  of 
alloy. 

Slag. 

Analysis  of 
slag. 

Mn. 

Si. 

P. 

Mn. 

r. 

H.  min. 
2      50 
2      10 

176 
106 

Lhs. 
43.5 
41.0 

Per  ct. 

74.2 

r4.5 

Perct. 
3.2 
5.7 

Per  ct. 

0.09 

.10 

Lhs. 

4.S.2 
45.0 

Per  ct . 
11.8 
5.4 

Perct. 
(") 

b.. 

Total 

Average 

5        0 

282  1    84.5 



83.2 

74.3 

4.4 

.10 

8.7 

1              1 

DISTRIBUTION. 


Mn. 

P. 

Metal 

Percent. 
82i 
6i 

n 

Percent. 
75 

Slae      

Lol:::.;:;v;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::  :::: 

a  Not  determined. 

The  results  of  this  run  checked  the  assumptions  made  as  to 
recovery  and  power  comsumption  in  smelting  the  slag. 

If  the  ore  were  high  in  phosphorus,  the  first  furnace  would  be 
so  operated  as  to  throw  as  little  manganese  into  the  alloy  as  possible, 
and  produce  a  pig  iron  with  a  manganese  content  of  about  10  per 
cent  and  a  phosphorus  content  according  to  that  in  the  ore.  Such 
pig  iron  would  doubtless  find  use  when  mixed  with  other  pig  of 
suitable  composition  and  should  have  some  value.  If  the  ore  is 
low  enough  in  phosphorus,  a  little  more  reducer  would  be  used  in 
the  first  furnace  so  as  to  cause  enough  manganese  to  be  thrown 
down  to  form  a  standard  spiegel.  If  too  little  iron  in  proportion 
to  the  manganese  was  left  in  the  slag  for  the  second  smelting,  steel 
scrap  or  ore  low  in  manganese  but  high  in  iron  would  be  added, 
so  that  the  products  from  a  low  phosphorus  ore  could  be  speigeleisen 
and  f  erromanganese. 
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COMPILATION    OF    DATA. 

The  probable  performance  of  several  types  of  domestic  manganese 
ore  under  electric  smelting,  compiled  from  the  data  available  on 
present  practice,  and  from  the  results  of  experimental  work,  is 
given  in  Table  31  following. 

The  electrode  consumption  per  ton  of  product  has  been  calculated 
on  the  basis  of  kw.-hours  required  per  ton  of  product,  taking  as 
standard  the  normal  commercial  consumption  of  175  pounds  of 
electrode  per  ton  of  80  per  cent  ferromanganese  produced  from  an 
ore  containing  40  per  cent  manganese  and  20  per  cent  sihca,  and 
using  5,500  kw.-hours.  In  other  words,  the  electrode  consumption 
per  1,000  kw.-houi-s  used  is  31  pounds.  The  actual  consumption 
of  electrodes,  not  including  stub  ends  in  the  experimental  runs, 
varied  from  6  to  10  pounds  per  450  kw.-hours  used,  which  is  of  the 
same  general  order  of  magnitude  as  the  figures  assumed. 

In  Table  32  an  attempt  has  been  made  to  calculate  costs  of 
operation  for  the  eight  ores  represented  in  Table  31,  on  the  assump- 
tion that  the  ores  are  priced  as  follows :  Ores  1  and  2  in  accordance 
with  the  War  Industries  Board's  schedule,  ores  3  and  4  at  $15  per 
ton,  ore  5  at  S7.50  per  ton,  ores  6  and  7  at  $7  per  ton,  and  ore  S  at 
$8  per  ton.  Limestone  is  assumed  to  cost  0.2  cent  a  pound,  fluorspar 
3  cents  a  pound,  coke  0.5  cent  a  pound,  charcoal  1^  cents  a  pound, 
steel  scrap  2  cents  a  pound,  electrodes  15  cents  a  pound,  and  power 
0.5  cent  per  kw.-hour  used.  Selling  prices  are  calculated  at  S285.80 
per  long  ton  of  80  per  cent  ferromanganese  (equivalent  to  S250 
per  long  ton  of  70  per  cent  ferromanganese),  and  $150  per  long  ton 
of  50  per  cent  f errosilicon ;  and  the  manganese  and  silicon  contents 
in  a  silicomanganese  alloy  are  calculated  as  having  the  same  value 
as  in  the  separate  f erro  alloys.  The  alloy  of  ore  5,  with  0.60  per  cent 
phosphorus,  is  figured  as  worth  $260  per  equivalent  ton  of  80 
per  cent  ferro,  while  that  of  ore  7,  with  0.75  per  cent  phosphorus, 
is  figured  as  worth  $235  per  equivalent  ton.  All  these  figures  are 
assumed,  and  would  vary  widely  according  to  the  situation  of  the 
plant.  They  are  included  merely  to  give  a  rough  idea  of  the  costs. 
Peace-time  figures  would  gi-eatly  alter  the  costs  and  profits. 

Lyon,  Keeney,  and  Cullen"  give  the  following  prices  per  metric 
ton  in  Germany,  f.  o.  b.  Louisberg,  January  1,  1913: 

50  per  cent  ferrosilicon $77.  55 

80  per  cent  ferromanganese 68.  00 

Silicomanganese  (68  to  75  per  cent  Mn,  20  to  25  per  cent  Si) 106.  50 

It  is  seen  that  the  price  paid  for  contained  manganese  and  silicon 
in  the  silicomanganese  is  higher  than  that  paid  for  the  same  amount 
of  manganese  and  silicon  in  ferro  alloys. 

a  Lyon,  D.  A.,  Keeney,  R.  M.,  and  CuUen,  J.  F.,  work  cited,  p.  140. 
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The  greater  daily  output  per  furnace  when  using  the  higher 
grade  ores  makes  their  use  more  profitable  to  the  electric-smelting 
plant.  On  the  assumptions  made,  the  practice  of  smelting  ores  that 
can  be  run  without  a  slag  to  silicomanganese  shows  the  largest 
profit  as  well  as  the  highest  recovery  of  manganese  from  the  ore. 

The  figures  for  ores  1  to  4  have  been  calculated  on  the  basis  of 
commercial  practice,  and  for  ores  5  to  8  on  the  basis  of  the  experi- 
mental work  in  which  expensive  fluorspar  and  charcoal  was  used. 
Experience  in  large-scale  operation  would  probably  allow  the  sub- 
stitution of  some  limestone  for  fluoi-spar  and  some  coke  for  charcoal. 
No  experiments  to  test  this  possibility  were  made,  as  the  work  was 
aimed  to  show  the  metallurgical  rather  than  economic  possibiHties, 
and  as  such  tests  on  a  laboratory  scale  would  have  to  be  checked 
by  large-scale  tests  before  accurate  information  would  be  obtained. 

According  to  Willcox,*^  Germany  made  silicomanganese  from  blast- 
fiu-nace  slags,  and  ferro  or  silico  from  low-grade  ores  during  her 
manganese  shortage. 

The  Taylor-Wharton  Steel  Co.,  High  Bridge,  N.  J.,  which  makes 
manganese  steel,  had  a  slag  from  manganese  steel  running  35  to 
42  per  cent  silica  and  31  to  43  per  cent  manganese.^  The  company 
had  some  of  this  slag  electrically  smelted  into  an  alloy  of  47  per 
cent  mangan&se  and  20  per  cent  silicon,  which  was  used  successfully 
in  the  manufacture  of  steel.  The  cost  of  smelting  was  too  liigh  to 
make  the  use  of  the  alloy  economically  desirable  at  the  peace-time 
prices  of  ferro  then  prevailing. 

Tablas  31  and  32  follow  on  next  pages. 

CONCLUSION    AS    TO    ELECTRIC    SMELTING. 

The  conclusion  to  be  drawn  from  this  investigation  is  that  although 
the  electric  smelting  of  manganiferous  slags  and  low-grade  domestic 
ores  is  unlikely  to  be  profitable  at  times  of  normal  costs  and  prices, 
such  smelting  is  metallurgically  possible,  and  could  be  done  profit- 
ably in  times  of  high  prices. 

aWillcox,  F.  H.,  The  significance  of  manganese  in  American  steel  metallurgy:  Trans.  Am.  Inst.  Min. 
Eng.  Vol.  50,  February,  1917,  pp.  412-420. 
6  Personal  eoramunication. 
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CHAPTER  11.— USE  OF   ALiNGANESE  ALLOCS    IN    OPEN- 
HEARTH  STEEL  PRACTICE. 


Bv  Samuel  L.  Hoyt. 


INTRODXJCTOEY    STATEMENT. 

This  report  presents  the  results  of  an  extensive  study  of  the  use 
of  manganese  alloys  in  open-hearth  steel  practice  in  the  United 
States.  The  magnitude  of  the  work  and  the  number  of  men  ^vho 
aided  in  one  way  or  another  make  difficult  acknowledgment  to  aU 
who  have  contributed  to  its  progress.  However,  some  expression 
should  be  made  of  the  hearty  cooperation  accorded  to  the  members 
of  the  bureau  by  the  various  manufacturing  interests.  With  such 
a  sympathetic  attitude,  the  mvestigation,  depending  so  largely, 
as  it  did,  upon  cooperation  between  the  steel  plants  and  the  investi- 
gators, was  early  assm'ed  of  every  possibility  of  ultimate  success. 
The  war  conditions  that  rendered  this  investigation  necessary  have 
passed,  but  it  is  hoped  that  the  results  may  prove  of  permanent 
value  to  the  open-hearth  steel  industry. 

PUEPOSE    AND    SCOPE    OF    INVESTIGATION. 

The  purpose  of  makmg  this  investigation  was  to  determine  the 
extent  to  which  domestic  or  low-grade  manganese  alloj^s  could 
properly  be  substituted  in  open-hearth  steel  practice  for  high-grade 
alloys  without  materially  impairing  the  steel  production  either  as 
to  qualit}^  or  quantity.  Moreover,  it  was  held  that  such  an  extensive 
investigation  of  this  im.portant  step  m  the  manufactiure  of  steel 
would  undoubtedly  yield  valuable  results  to  the  steel  industry  as 
well  as  contribute,  in  no  small  way,  toward  directmg  future  investi- 
gations in  the  same  field. 

It  was  recognized  at  the  start  that  data  bearing  on  the  projected 
study  should  be  available  at  mdividual  plants,  and  that  a  compila- 
tion and  digest  of  such  results  would  be  the  logical  method  of 
approaching  the  proposed  investigation.  This  consideration  some- 
what controlled  the  selection  of  the  steel  jilants  at  which  to  conduct 
the  detailed  investigations. 

The  evolving  of  a  definite  experimental  program  from  the  state- 
ment of  the  general  problem,  considering  the  time  element  and  the 
many  and  varied  factors  involved,  was  not  reached  without  due 
consideration   of  competent  metaUm'gical   advice.     After    making 
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a  preliminary  survey,  it  seemed  important  to  determine  (a)  the 
conditions  in  open-hearth  practice  that  would  lead  to  a  conservation 
of  manganese,  both  dm'ing  the  working  of  the  heat  and  in  making 
the  final  additions;  (b)  the  most  satisfactory  metallurgical  conditions 
for  the  use  of  manganese  in  the  form  of  low-^ade  or  special  alloys ; 
and  (c)  the  effect  on  the  finished  steel,  both  as  to  quality  and  "con- 
dition," of  the  various  methods  and  processes  studied.  With  these 
points  in  mind,  the  selection  of  the  steel  plants  was  made  so  that 
research  work  bearing  on  one  or  more  of  these  points  could  be 
conducted. 

It  was  decided  to  determine  slag  and  metal  compositions  during 
the  refining  of  the  heat;  also,  the  temperature  was  to  be  noted  each 
time  a  sample  was  taken,  in  order  to  determine,  if  possible,  the 
temperature  effect.  The  ''recovery"  of  manganese  was  to  be 
determined  from  the  residual  and  final  manganese  contents  and  the 
weight  of  the  metal.  To  this  end  a  sample  of  the  finished  steel  was 
taken  during  teeming.  By  taking  three  such  samples,  one  at  the 
beginning,  one  toward  the  middle,  and  one  at  the  end  of  teeming, 
tests  for  uniformity  were  possible.  This  practice  was  generally 
observed  throughout  the  investigation.  The  data  obtained  were 
also  supplemented  by  the  plant  records  covering  given  heats  as 
well  as  by  personal  observation  during  refining,  pouring,  and  teeming. 

When  planning  steps  that  should  be  taken  to  determme  the  quality 
and  "condition"  of  the  steel,  it  was  found  that  no  definite  and  well- 
proved  method  was  available.  True,  the  open-hearth  melter 
knows  whether  his  heat  is  in  proper  condition,  but  what  was  needed 
was  a  quantitative  estimate  of  "condition."  Without  attempting 
to  discuss  the  physical  chemistry  of  a  heat  of  molten  steel,  it  may 
be  said  that  the  condition  of  the  heat  must  depend,  aside  from  the 
temperature,  upon  the  presence  in  the  steel  in  those  substances  that 
affect  the  "condition."  Of  these  there  are  two  kinds:  (1)  Sub- 
stances that  promote  "o|>enness,"  or  the  gases,  which  again  may  be 
classified  as  (a)  gases  that  are  products  of  chemical  reactions,  being, 
in  so  far  as  we  know,  CO  and  possibly  CO2,  and  (5)  gases  that  are 
absorbed  from  the  furnace  gases,  such  as  H,  N,  CO,  and  CO2 ;  and 
(2)  substances  that  promote  "soundness,"  such  as  the  reducing  and 
solidifying  agents,  C,  Mn,  Si,  and  Al. 

In  general  it  is  held  that  Mn,  Si,  and  AI  inhibit  the  chemical 
reactions  producing  CO  by  reducing  (or  partly  reducing)  FeO,  the 
piincipal  constituent  that  produces  the  reactions.  In  this  state- 
ment only  the  metal  bath  is  considered  and  the  FeO,  and  not 
FcgOg,  is  assumed  to  be  in  solution  in  the  steel.  According  to  this 
idea,  reducing  action  on  a  slag  containing  FczOg  would  produce 
FeO,  part  of  which  would  enter  the  steel  to  react  later  with  C,  Mn, 
and  other  reducing  agents  present.     The  reduction  of  FeO,  then, 
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is  the  principal  means  of  "settling"  the  liquid  steel,  and  it  is  for 
this  reason  that  Mn  is  added  in  the  final  steps.  It  is  also  held  that 
Si  and  Al  produce  solidity  in  the  finished  steel,  aside  from  reducing 
FeO  and  CO,  cither  by  keeping  the  gases  H,  N",  etc.,  in  solid  solution, 
or  by  preventing  the  dissociation  of  the  compounds  of  those  elements 
and  iron. 

The  obvious  procedure  to  get  a  quantitative  estimate  of  the  ''con- 
dition" of  the  steel,  considering  both  the  behavior  of  the  molten 
metal  and  the  character  of  the  ingot,  would  be  to  determine  the 
amounts  of  the  constituents  ia  each  of  these  two  groups  and  to 
weigh  one  set  against  the  other.  Even  this  procedure  would  not, 
at  present,  lead  to  results  that  could  be  interpreted  with  entire  con- 
fidence, even  though  there  were  no  imcertainties  in  the  analytical 
methods,  because  we  do  not  know  the  quantitative  effect  of  each 
constituent,  either  by  itself  or  when  associated  with  other  constitu- 
ents in  varying  amounts.  In  view  of  this  lack  of  fundamental  data, 
it  was  decided  to  make  the  analyses  and  use  the  results  in  a  qualita- 
tive way,  at  least,  to  compare  the  different  practices  investigated. 

THE  FUNCTIONS   OF    MANGANESE. 

During  such  a  critical  period  as  that  now  passed,  the  question 
might  be  raised  as  to  the  possibility  of  eliminating  manganese  from 
steel  making.  This  point  was  duly  considered  but  it  was  at  once 
held  that  the  use  of  manganese  is  not  merely  an  expedient,  for  which 
some  substitute  might  readily  be  had,  but  is  rather  one  of  the  basic 
requirements  of  successful  practice  in  working  steel.  It  is  quite 
true  that  in  many  instances  the  actual  amount  of  manganese  used 
in  a  heat  of  steel  is  greater  than  purely  metallurgical  considerations 
demand,  and  any  excess  could  well  be  considered  as  so  much  wasted. 

It  may  be  well  to  review  briefly  the  important  functions  of  man- 
ganese as  they  bear  directly  on  both  of  the  points  mentioned  above. 
The  first  function  of  manganese,  broadly  considered,  is  to  refine  and 
".settle"  the  molten  bath  of  steel.  The  aim  here  is  to  put  the  metal 
in  a  proper  condition  for  poiu-ing,  and  to  produce  ingots  (or  castings) 
of  the  desired  quality  and  texture.  Manganese  is  not  the  most  effi- 
cient element  that  can  be  used  for  this  purpose,  calculated  from  the 
heat  of  combustion  of  the  element  to  its  oxide,  but  is  without  doubt 
the  most  satisfactory  because  of  the  excellent  condition  (freedom 
from  objectionable  foreign  inclusions)  in  which  it  leaves  the  bath. 

The  proportion  of  manganese  theoretically  required  for  this  opera- 
tion might  possibly  be  calculated  from  the  amount  of  oxygen  con- 
verted from  the  active  form,  FeO,  to  the  inactive  form,  ]\InO.  As- 
suming  an  oxygen  content  of  0.075  per  cent  in  the  unsettled  steel 
and  of  0.015  per  cent  in  the  finished  steel  (oxygen  by  the  Ledebur 
method),  the  amount  of  manganese  used  in  this  way  would  be  0.2 
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per  cent.  The  writer  is  informed  by  the  Bureau  of  Standards  that 
such  a  calculation  is  premature,  owing  to  lack  of  knowledge  on  the 
subject  of  "deoxidation"  and  the  faultiness  of  the  Ledebur  determd- 
nations.  However  it  would  seem  to  the  writer,  from  the  work  done 
at  the  Bureau  of  Standards,'*  that  the  amount  of  oxygen  determined 
is  the  amount  present  as  FeO  (active  form),  subject  possibly  to  an 
error  due  to  partial  reduction  of  CO  during  the  determination.  At 
any  rate,  the  above  is  advanced  as  at  least  the  first  approximation  of 
the  amount  of  manganese  rec[uired  simply  for  destroying  the  ferrous 
o?dde  present  in  the  bath.  The  amount  of  manganese  required  nat- 
urally would  vary  with  the  condition  of  the  bath  and,  in  order  to 
insure  efficient  "deoxidation,"  would  be  somewhat  in  excess  of  the 
calculated  amount.  A  well-made  heat  of  steel  would  probably  not 
require  more  than  0.35  per  cent  ]Mn. 

Manganese  is  also  desirable  in  steel  to  improve  the  rolling  proper- 
ties, in  wliich  capacity  it  appears  to  serve  a  dual  purpose.  First  of 
all,  manganese  deoxidizes  and  refines  the  molten  steel  in  such  a  way 
as  to  give  ingots  of  the  desired  texture  without  robbing  the  steel  of 
its  hot-working  properties.  Thus,  ingots  may  be  rolled  into  finished 
shape,  without  the  formation  of  excessive  Assuring  or  surface  de- 
fects. Other  reducing  agents,  such  as  aluminum  and  silicon,  are 
prone  to  leave  the  metal  in  poor  condition  for  rolling  and  forging. 
They  eliminate  one  cause  of  hot  shortness — iron  oxide — but  fail  to 
convert  the  sulphur  into  a  harmless  form,  as  manganese  does,  and 
leave  beliind  their  higlily  refractory  oxides,  both  of  which  tend  to 
produce  poor  rolling  qualities.  Secondly,  manganese,  by  retarding 
the  rate  of  coalescence  or  grain  growth,  renders  steel  less  sensitive  to 
the  effects  of  the  high  temperatures  used  in  rolling  and  is  supposed 
to  promote  plasticity,  at  least  in  ordinary  steels,  at  rolling  tempera- 
tures. Silicon  and  aluminum,  on  the  other  hand,  increase,  rather 
than  decrease,  the  grain  size  of  steel.  The  proportion  of  manganese 
required  in  this  capacity  probably  does  not  exceed  0.35  per  cent  in 
well-made  steel. 

Finally,  manganese  is  desired  in  the  finished  steel  to  produce  cer- 
tain physical  or  mechanical  properties  or  to  make  the  steel  more 
amenable  to  subsequent  heat  treatment. 

The  foregomg  discussion  indicates  that  manganese  is  an  important 
factor  in  the  steel  industry.  Of  course,  material  such  as  "American 
ingot  iron"  can  be  successfully  rolled,  even  though  no  manganese  be 
added,  but  requires  greater  time  and  care. 

It  is  of  interest  to  note  that  manganese,  coming  in  the  periodic 
system  between  iron  and  the  strengthening  elements  on  one  side  and 
the  hardening  elements  on  the  other,  has  the  dual  function  of  strength- 

a  Cain,  J.  R.,  and  Pettijohn,  Earl.    A  critical  study  of  the  Ledebur  method  for  determining  oxygen  in 
iron  and  steel:  Bureau  of  Standards  Technologic  Paper  118, 1919,  33  pp. 
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ening  and  hardening  steel,  which  is  not  possessed  b}^  any  other  ele- 
ment. 

Manganese  conservation  would  best  be  obtained  b}^  eliminating 
the  manganese  specification  except  where  the  amount  of  manganese 
present  in  the  finished  steel  has  some  definite  bearing  on  the  prop- 
erties of  heat  treatment  of  the  steel.  In  other  words,  whenever  only 
casting  and  rolling-mill  practice  (plant  problems)  are  involved,  the 
steel  man  should  be  allowed  to  exercise  his  own  judgment  as  to  the 
amount  of  manganese  that  should  be  used  to  give  the  most  satis- 
factory and  economical  practice,  and  the  finish  and  quality  of  the 
product  should  be  controlled  by  adequate  inspection.  On  the  basis 
of  Ellicott's  figures,^  by  reducing  the  manganese  requirements  by 
0.2  per  cent  in  making  plates  and  shapes  and  other  low-carbon  steel 
(estimated  production,  21,350,000  tons),  54,000  tons  of  80  per  cent 
ferromanganese  could  be  saved. 

RECOMMENDATIONS   FOR   THE   UTILIZATION    OF   DOMESTIC 

ALLOYS. 

The  investigation  here  reported  indicated  that  three  practices  for 
utilizing  domestic  alloys  in  open-hearth  steel  practice  seem  to  com- 
mend themselves  above  the  others.  Those  are  as  follows  (but  not  in 
the  order  of  their  importance):  (1)  The  use  of  a  "molten  spiegel 
mixture"  for  deoxidation  and  recarburization ;  (2)  the  practice  of 
melting  and  refining  the  steel  bath  so  as  to  insure  a  comparatively 
high  residual  manganese  content,  say,  0.3  per  cent  Mn;  (3)  the  use  of 
manganese  alloys  containing  silicon.  In  selecting  plants  for  investi- 
gating these  practices  two  points  were  kept  in  mind.  The  plant 
should  have  either  "ordinary"  practice,  for  the  sake  of  comparison, 
or  else  one  of  the  three  just  mentioned,  and  the  product  or  kind  of 
steel  made  should  be  representative  of  the  larger  tonnages,  such  as 
shell  steel,  plates,  or  sections. 

"  MOLTEN    SPIEGEL    MIXTURE  "    PRACTICE. 

The  practice  has  been  adopted  at  a  few  plants  of  combining  in  one 
operation  both  recarburization  and  deoxidation  by  using  a  mixture 
of  pig  iron  and  spiegel  that  has  been  premelted  in  a  cupola.  This 
"molten  spiegel  mixture"  contains  5  to  11  per  cent  metallic  man- 
ganese, 4  per  cent  carbon,  and  the  desired  amount  of  silicon,  and  is 
added  to  the  ladle  during  the  tapping  in  such  a  way  as  to  cause  a 
thorough  and  uniform  mixture  of  the  two  streams. 

The  principal  advantages  of  interest  here,  not  considering  ques- 
tions of  plant  and  operating  economy,  are  as  follows:  1.  A  low-grade 
or  domestic  alloy  can  be  used  in  the  preparation  of  the  "mixture." 

a  Elllcott,  C.  R.  Manganese  conservation  in  steel  making:  Iron  Age,  vol.  101,  June  6,  1918,  pp.  1484-1485„ 
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2.  The  deoxidatioii  is  accomplished  by  means  of  a  dilute  solution, 
with  a  consequent  increase  (on  theoretical  grounds)  of  the  efficiency 
of  the  deoxidizer.  This  point  will  receive  further  consideration.  3. 
The  deoxidizer  is  added  in  the  molten  state,  insuring  certain  attend- 
ant advantages,  which  will  also  be  considered  at  greater  length.  4.  A 
special  advantage,  if  a  large  steel  output  is  desired,  is  that  the  amount 
of  the  recarburizer  is  comparatively  large  and  the  capacity  of  the  plant 
is  materially  (and  economically)  increased  thereby.  There  is  some 
question  as  to  the  propriety  of  including  this  advantage  as  peculiar 
to  this  particular  practice.  The  use  of  pig  iron  as  a  recarburizer  may 
be  accomplished  in  other  ways  with  the  same  economy  and  increase 
in  plant  capacity.  5.  Another  advantage  would  seem  to  the  writer 
to  be  as  follows:  As  compared  with  the  results  in  the  usual  practice 
of  adding  carbon  and  manganese,  there  should  be  less  Ukelihood  of 
missing  a  heat. 

This  practice,  at  least  at  the  plant  visited,  and  it  is  understood  to 
be  the  same  elsewhere,  is  limited  to  the  manufacture  of  the  high- 
carbon  steels  or  those  running  0.30  per  cent  or  more  of  carbon.  To 
make  steels  with  0.20  per  cent  carbon  would  require  working  the 
bath  until  the  carbon  content  was  about  0.10  per  cent,  and  the  molten 
mixture  added  would  have  to  contain  about  20  per  cent  manganese 
(spiegel).  The  amount  of  the  addition  would  be  reduced  from  13,000 
pounds  to  about  4,000  pounds,  which  would  mean  that  some  of  the 
advantages  just  enumerated  would  be  lessened,  and,  with  the  in- 
creased loss  of  manganese  the  practice  would  probably  not  be  com- 
mercially feasible.  However,  when  the  other  alternative — the  use  of 
ferromanganese,  either  solid  or  liquid — is  considered,  the  practice  of 
premelting  spiegel  in  the  cupola  seems  conmiendable,  on  grounds  to 
be  considered  later.  In  the  event  of  undue  shortage  of  high-grade 
ferromanganese  the  practice  would  doubtless  offer  a  ready  solution 
of  the  problem  of  using  domestic  alloys  in  making  steel  for  shapes, 
plates,  etc.  Against  the  increased  cost  of  production,  as  comj^ared 
with  the  cost  of  cold  ferromanganese  practice,  there  would  be  the 
greater  uniformity  of  product  and  more  uniform  practice  as  an  offset. 

HIGH    RESIDUAL    MANGANESE    PRACTICE. 

At  certain  plants  the  practice  of  preferential  oxidation  and  elimina- 
tion of  carbon  and  phosphorus  has  been  developed,  the  residual  man- 
ganese being  kept  at  a  comparatively  high  value,  say,  0.25  to  0.30 
per  cent,  as  compared  with  0.10  per  cent  manganese  for  a  final  carbon 
content  of  0.10  per  cent.  This  is  accomplished,  broadly  speaking^ 
(a)  by  rapidly  removing  the  phosphorus  and  retaining  it  as  stable 
calcium  phosphate  during  the  earlier  and  colder  period  of  melting; 
(6)  by  maintaining  a  high  finishing  temperature  and  working  the 
charge  with  a  high  manganese  content  so  that  the  slag  contains 
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about  8  per  cent  manganese ;  and  (c)  by  increasing  the  lime  content 
of  the  slag  to  about  47  per  cent  as  a  minimum. 

This  process  possesses  undoubted  advantages,  but  they  are  such 
that  they  are  probabl}^  l)est  appreciated  by  plants  in  which  the  proc- 
ess has  been  developed  and  where  it  is  now  in  operation  on  a  sound 
commercial  basis.  First  of  all  it  may  be  stated  that  the  practice, 
correctly  applied,  leads  to  the  production  of  high-grade  and  uniform 
steel,  which  in  itself  means  increased  rolling-mill  output,  fewer  rejec- 
tions, and  a  more  ready  market.  This  is  largely  due  to  the  fact  that 
the  steel  is  made — where  it  should  be  made — in  the  furnace. 

A  second  advantage  derived  from  the  high  MnO  and  CaO  contents 
of  the  slag,  is  that  the  final  additions  of  manganese  can  be  added  in 
the  furnace,  with  a  recovery  comparing  favorabh^  with  that  of  ladle 
additions.  A  third  advantage  is  that  the  same  pig  iron  used  for  the 
charge,  and  containing  apj)reciably  more  manganese  than  ordinary 
basic  iron  does,  can  be  used  to  recarburize  and  partly  deoxidize  the 
bath.  The  rest  of  the  manganese  is  added  as  ferromanganese.  At  a 
steel  plant  which  operates  in  conjunction  with  a  blast-furnace  plant 
a  liermonious  and  economical  cycle  of  plant  operations  is  made  pos- 
sible. At-  the  same  time  the  open-hearth  slag  can  be  resmelted  in 
the  blast  furnace  for  the  recovery  of  the  iron  and  manganese  and  the 
utilization  of  the  lime. 

This  practice  is  largely  dependent  upon  the  amount  of  phosphorus 
in  the  slag,  for  obviously  it  would  not  be  worth  while  to  recover  the 
manganese  at  the  expense  of  unduly  increasing  the  phosphorus  con- 
tent of  the  pig  iron.  In  this  country  we  are  fortunately  situated  in 
this  respect,  as  there  is  still  a  large  amount  of  ore  rather  low  in  phos- 
phorus available.  No  definite  figure  can  be  given  at  this  time  as  to 
the  maximum  allowable  phosphorus  content  of  the  pig  iron,  but  it 
is  the  opinion  of  at  least  one  steel  man  who  uses  this  process  that  a 
content  of  0.6  per  cent  would  not  be  excessive.  Under  the  condi- 
tions prevailing  in  1918,  this  practice  had  the  additional  advantages 
that  the  high-manganese  pig  iron  could  be  procured  by  smelting 
domestic  manganiferous  iron  ore  and  that  the  manganese  alloy  added 
to  the  furnace  at  the  end  of  the  heat  could  as  well  be  spiegel  as  ferro- 
manganese, assuming  that  the  finished  steel  contains  more  than  about 
0.10  per  cent  carbon.  There  would  also  be  certain  disadvantages, 
particularly  that  the  carbon  content  of  the  bath  would  have  to  be 
worked  to  a  lower  figure  than  in  present  practice.  On  account  of  the 
high  cost  of  spiegel  and  the  greater  time  required,  it  is  doubtful 
whether  the  steel  plants  would  substitute  spiegel  for  ferromanganese. 
Another  interesting  point,  as  regards  the  utilizing  of  domestic  man- 
ganiferous iron  ore,  is  that  low-silica  ore  could  be  added  to  the  slag 
as  a  source  of  manganese  oxide. 
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The  high  manganese  content  of  the  charge  is  generally  obtained 
by  using  a  "high-manganese"  pig  iron  (2  to  3  per  cent  manganese), 
but  may  also  be  obtained  by  adding  manganese  ore  to  the  slag  or 
manganese  alloys  to  the  bath  or  by  a  combination  of  these  methods. 
This  point  would  be  determined  by  plant  economy,  but  it  seems 
doubtful  whether  the  practice  would  be  worth  while  unless  a  high- 
manganese  pig  iron  were  available.  The  "writer  is  informed  by  one 
blast-furnace  superintendent  that  running  the  manganese  up  to  2  per 
cent  does  not  materially  affect  the  production,  so  that  lower  pig-iron 
production  would  not  be  a  disadvantage  in  this  practice.  The  loss 
of  manganese  by  oxidation  and  transferrence  to  the  slag  is  consid- 
erable. This  loss  may  be  kept  at  a  minimum  by  increasing  the 
basicity  of  the  slag  in  CaO  and  FeO,  v/hich,  combined  with  the  MnO, 
which  also  acts  as  a  base,  exert  the  desired  effect  upon  the  manganese 
of  the  bath. 

As  the  working  of  the  charge  progresses  its  temperature  rises 
until  finally  with  the  high  CaO,  and  particularly  the  high  MnO 
content  of  the  slag,  the  carbon  is  eliminated  more  rapidly  than  the 
manganese,  with  the  result  already  stated,  namely,  the  manganese 
can  be  held  to  about  0.3  per  cent  at  the  end  of  the  heat.  Present 
data  indicate,  unfortunately,  that  no  material  decrease  in  the  amount 
of  manganese  required  and  no  material  increase  in  the  recovery  of 
manganese  in  the  additions  may  be  expected,  so  that  the  advantages 
are  derived  not  from  a  decreased  consumption,  but  from  the  form 
in  which  it  can  be  added. 

Data  for  one  such  heat  showed  that  a  total  of  3,728  pounds  of 
manganese  was  used  in  one  form  or  another  to  produce  1,272  pounds 
of  manganese  in  the  finished  steel — that  is,  3.54  pounds  was  used  to 
produce  1  pound  in  the  steel.  The  manganese  added  in  the  recar- 
burizer  and  as  ferromanganese  amounted  to  1,068  pounds,  of  which, 
assuming  the  manganese  loss  to  come  from  these  two  sources,  838 
pounds  was  recovered  in  the  finished  steel,  a  recovery  of  78.4  per 
cent.  In  this  heat  the  ferromanganese  was  added  to  the  furnace. 
Another  more  or  less  comparable  heat  selected  at  random,  but  more 
representative  of  "standard"  practice,  used  2,190  pounds  of  man- 
ganese to  produce  1,200  pounds,  or  1.82  pounds  (as  compared  to 
3.54  pounds)  to  produce  1  pound  of  manganese  in  the  finished  steel. 

STANDARD    OPEN-HEARTH    PRACTICE    COMPARED    WITH 
CERTAIN    OTHER    PRACTICES. 

Data  regarding  the  results  obtained  in  standard  open-hearth  steel 
practice  as  compared  with  the  results  when  molten  spiegel  is  used  or 
when  there  is  a  large  percentage  of  residual  manganese  will  be  pre- 
sented in  a  later  report  after  more  complete  analytical  results  have 
been  received. 
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The  high  silica  content  of  most  of  our  domestic  manganese  and 
manganiferous  iron  ores  made  it  advisable  to  consider  the  possible 
use  of  manganese-silicon  alloys  in  steel  making  in  both  acid  and 
basic  practice.  For  the  purposes  of  the  present  discussion  these 
alloys  will  be  divided  roughly  into  two  classes — high-grade  silico- 
manganese  containing  about  50  per  cent  manganese  and  25  per  cent 
silicon  and  low-grade  silicospiegel  with  about  15  to  20  per  cent  silicon 
and  30  to  35  per  cent  manganese  with  50  per  cent  iron.  The  manga- 
nese-silicon ratio  of  the  first  alloy  is  about  2  and  of  the  second  alloy 
2^  to  1^.  Each  of  these  alloys  would  be  made  from  the  silicious 
manganese  ores  of  California  and  Montana,  and  the  low-grade  alloys 
from  the  silicious  manganiferous  iron  ores  of  Minnesota. 

Wliile  there  is  notliing  new  about  the  practice  of  using  manganese- 
silicon  alloys  in  steel  making,  it  may  be  well  to  review  some  of  the 
points  connected  therewith. 

It  is  understood  that  silicomanganese  has  been  used  fairly  exten- 
sively in  Europe,  and  in  this  country  it  was  used  at  certain  plants 
as  standard  practice  until  the  supply  was  cut  off  by  the  war.  Silicon 
is  always  an  elTicient  reducing  or  settling  agent  when  used  in  the 
customary  small  amounts,  but  it  may  or  may  not  be  desirable  in 
the  finished  steel.  On  this  account  the  possibility  of  using  manga- 
nese-silicon alloys  depends  upon  the  amount  of  silicon  that  can  be 
tolerated  in  the  finished  steel  m  the  ingot  form.  In  certain  grades 
of  steel,  particularly  in  steel  that  must  be  welded,  silicon  should  be 
low  or  practically  absent.  In  steel  for  sheets  and  plates,  which 
must  give  a  good  finished  surface,  the  most  efficient  rolling-mill 
practice  requires  that  the  silicon  be  kept  tolerably  low;  but  it  is 
believed  that  0.10  to  0.15  per  cent  could  be  used,  provided  the  man- 
ganese content  were  not  too  high.  In  forging  steel,  high-carbon 
steels,  and  castings,  where  the  aim  is  to  produce  sound  steel,  more 
silicon  can  be  used,  or  between  0.20  and  0.35  per  cent.  Of  these 
three  fields  the  latter  is  the  one  in  which  manganese-silicon  aUoys 
will  find  their  first  application.  In  the  second  field  it  seems  c[uite 
probable  that  conditions  (to  be  discussed  later)  will  many  times 
permit  their  use;  but  from  the  nature  of  things  manganese-silicon 
alloys  can  not  be  used  to  make  steels  of  the  first  group — those  that 
must  be  welded. 

ACID    PRACTICE. 

It  is  with  considerable  hesitation  that  the  discussion  of  manganese- 
silicon  alloys  in  open-hearth  practice  is  approached,  particularly  as 
the  controversial  character  of  many  of  the  points  is  so  clearly  rec- 
ognized. Consequently,  it  may  be  well,  at  the  outset,  to  state  briefly 
the  manner  in  which  the  writer  first  became  interested  in  the  possi- 
bilities of  their  use.     A  number  of  years  ago  the  writer  was  conducting 
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a  series  of  experiments  on  the  occurrence  and  identification  of  foreign 
inclusions  in  acid  open-hearth  steel,  principally  ordnance  steel.  In 
this  work  ferromanganese,  ferrosilicon,  and  a  mixture  of  ferroman- 
ganese  and  ferrosilicon  were  added  to  a  steel  sample  taken  shortly 
after  "oreing" — that  is,  to  "wild"  steel — in  an  attempt  to  produce 
an  excess  of  the  constituent,  or  constituents,  supposed  to  form  as  a 
result  of  the  addition. 

It  seemed  fairly  clear  as  a  i^esult  of  this  work  that  the  use  of 
silicon  was  apt  to  be  dangerous,  not  on  account  of  any  harmful 
effect  of  the  residual  metallic  silicon  but  because  it  produced  a  con- 
stituent (assumed  to  be  SiOg  or  at  least  a  highly  refractory  silicate) 
that  was  Ukely  to  remain  in  the  ingot  and  produce  hot  shortness. 
Hence  the  idea  was  suggested  that  a  manganese-silicon  alloy  might, 
and  probably  would,  form  a  manganese  silicate  containing  some  fer- 
rous oxide  (a  true  slag)  which  would  be  fluid  and  would  more  readily 
coalesce  into  larger  particles  than  SiOj  would,  and  therefore  free 
itseK  more  readily  from  the  steel.  By  using  such  an  alloy  it  would 
then  be  possible  to  take  full  advantage  of  the  use  of  silicon  as  a 
deoxidizer  without  suffering  the  usual  attendant  disadvantages  of 
its  use.  None  of  the  manganese-silicon  alloy  was  available  at  the 
time  so  a  parallel  experiment  could  not  be  conducted. 

As  binary  alloys  are  known  to  be  generally  more  active,  or  pow- 
erful, than  the  weighted  sum  of  the  two  constituents  would  indicate, 
it  was  also  assumed  that,  aside  from  the  possibihty  of  obtaining 
a  better  separation  of  the  insoluble  products  of  the  deoxidation 
process,  the  alloy  of  manganese  and  silicon  would  prove  to  be  a  more 
powerful  reducing  agent  than  ferromanganese  and  ferrosilicon  used 
separately.  On  reflection,  the  thought  occurs  that  manganese  and 
silicon,  reacting  separately  with  FeO,  would  produce  the  oxides 
MnO  and  FeO  or  a  silicate  of  iron.  Manganese  and  silicon  reacting 
as  an  alloy  with  FeO  would  produce  a  silicate  of  manganese,  which 
may  or  may  not  form  a  double  silicate  with  FeO.  In  either  case  we 
would  expect  to  find  the  advantage  in  favor  of  the  manganese- 
silicon  aUoy. 

The  relative  weights  of  the  sihcomanganese  and  of  the  mixture 
of  the  ferromanganese  and  ferrosilicon  will  be  considered  at  another 

place. 

Another  point  of  great  technical  importance  is  the  percentage 
recovery  of  manganese  when  added  as  sihcomanganese  and  as  ferro- 
manganese along  with  ferrosilicon.  It  should  be  stated  that  a  100 
per  cent  recovery,  based  on  the  present  theory  of  "deoxidation," 
is  hardly  possible,  nor  is  it  desirable.  Such  recovery  would  mean 
retention  of  the  deoxidation  products,  to  be  determined  later  as 
metallic  manganese  and  silicon.  A  method  of  addition  that  would 
lead  to  satisfactory  deoxidation  and  yet  would  eliminate  the  loss 
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due  to  admixture  with  the  slag,  volatilization,  etc.,  and  could  bo 
accomplished  with  the  minimum  amount  of  manganese,  would  be 
very  desirable  because  it  would  lead  to  both  conservation  of  man- 
ganese and  uniformity  of  composition  of  the  steel.  Conservation 
of  manganese  would  be  given  by  the  actual  percentage  recoverj'', 
and  uniformity  of  composition  would  be  assumed  by  the  constancy 
of  tlio  percentage  recovery. 

Fortunately  the  writer  was  able  to  examine  records  of  heats  made 
with  siHcomanganese  covering  a  period  of  several  years,  from  which 
some  fairly  satisfactory  conclusions  may  be  drawn  bearing  on  these 
points.  During  this  time  when  there  were  periods  when  the  siHco- 
manganese alloy  was  not  available  and  a  mixture  of  ferromanganese 
and  ferrosilicon  had  to  be  substituted.  Thus,  direct  comparison  of 
these  two  methods  of  deoxidation  was  afforded.  Certain  results 
taken  from  the  heat  records,  and  believed  to  be  typical,  are  given  in 
Table  33  following.  Obvioush^,  figures  showing  the  variation  in 
heat  composition  and  the  average  manganese  recovery  of  several 
years'  practice  can  not  be  given  in  this  table.  The  records  them- 
selves clearly  show  greater  uniformity  for  the  silicomanganese  heats. 

Table   33. — Comparative  results  obtained  with  silicomanganese  and  v:ith  a  mirtiirc  oj 
ferromanganese  and  ferrosilicon  fl 


Heat. 

FeSi. 

FeMn. 

SiMn. 

Total 
charge. 

C. 

Mn. 

Si. 

Mn. 
added. 

Mn.  recovered. 

A 

Lh. 
IGO 
215 
160 
160 
215 

Lh. 

300 

400 

310 

300 

400 

40 

35 

40 

40 

40 

Lh. 


"476' 
3.-)0 
470 
470 
420 

Lb. 
31, 160 
40, 765 
30,620 
30, 910 
40, 865 
41,010 
30,685 
40,960 
30, 510 
36, 760 

Per  cf. 
0.26 
.21 
.32 
.27 
.24 
.22 
.26 
.21 
.21 
.24 

Pcrct. 
0.56 
.57 
.63 
.70 
.72 
.58 
.60 
.64 
.66 
.68 

Per  ct. 
0.294 
.306 
.312 
.318 
.312 
.308 
.302 
.310 
.303 
.310 

Lb. 
240 
320 
248 
240 
320 
281 
214 
281 
281 
255 

Lh. 
174 
232 
193 
216 
294 
238 
1S4 
261 
267 
250 

Per  ct. 
72.5 

B 

72.5 

C 

77.8 

D 

90.0 

E 

91.8 

F...  . 

84.7 

o 

86  0 

u 

93.0 

I 

O.').  0 

J 

98.0 

oApproximate  compositions:  Silicomanganese,  Mn  53  per  cent,  Si  20  per  cent;  ferromanganese,  Mn80 
percent;  ferrosilicon,  SI  50  per  cent.    Residual  inanganese  was  neglected  in  calculating  recoveries. 

It  can  hardly  be  claimed  that  these  figures,  or  the  three  years' 
records  which  they  represent  with  reasonable  accuracy,  furnish  a 
truly  scientific  basis  for  comparison  of  the  two  alternate  practices, 
but  they  do  show  rather  convincingly  that  the  same  results  (Mn  and 
Si  contents  of  the  finished  steel),  by  using  silicomanganese  caa  be 
obtained  with  consistently  smaller  amounts  of  both  manganese  and 
silicon,  as  compared  with  the  combination  of  ferromanganese  and 
ferrosilicon.  In  addition  there  is  the  advantage  of  more  uniform 
practice,  which  in  itself  would  warrant  smaller  additions.  The 
weights  of  the  additions  favor  the  silicomanganese;  thus  in  heats 
A,  C,  and  D,  460  pounds  was  added,  as  compared  with  385  pounds 
for  heat  G,  and  in  heats  B  and  E,  615  pounds  was  added,  as  compared 
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with  510  pounds  in  heats  F,  H,  and  I.  The  low  carbon  content  of 
the  sihcomanganese  may  or  may  not  he  a  material  advantage,  but 
is  in  favor  of  the  single-alloy  addition  because  the  carbon  need  not 
be  worked  as  low  and  there  seems  to  be  less  danger  of  missing  the 
desired  carbon  content. 

ELECT.UIC-FURNACE    PRACTICE. 

No  information  is  available  to  the  writer  bearing  on  the  use  of 
manganese-silicon  alloys  in  electric-furnace  practice,  but  we  may  at 
least  consider  such  practice  on  the  basis  of  the  known  behavior  of 
such  alloys.  Considering  acid  casting  practice  first,  there  seems  to 
be  no  reasonable  doubt  that  either  sihcomanganese  or  silicospiegel 
could  be  at  once  substituted  for  ferromanganese  and  ferrosilicon. 
Inasmuch  as  the  usual  aim  is  to  make  high-grade  castings,  the 
manganese-silicon  alloys  would  appear  to  have  the  distinct  advantage 
of  making  sounder  and  cleaner  steel.  Silicospiegel,  aside  from 
possessing  the  theoretical  advantage  of  being  diluted  with  iron,  could 
be  more  readily  prepared  with  the  correct  manganese-silicon  ratio 
so  as  to  eliminate  the  use  of  an  additional  alloy.  In  this  practice 
the  advantage  of  greater  dilution  need  not  carry  with  it  the  dis- 
advantage of  increased  weight  on  account  of  the  higher  temperature 
of  the  electric  furnace.  The  uncertainty  as  to  the  relative  behavior 
of  the  manganese-silicon  alloys  as  compared  with  that  of  the  ferro- 
alloys, and  the  relative  efficiencies  of  low-grade  and  of  high-grade 
alloys,  as  well  as  the  importance  of  this  step  in  the  manufacture  of 
steel,  suggest  the  advisability  of  conducting  a  definite  research  to 
settle  such  points.  It  would  seem  that  there  is  no  better  place  for 
such  a  research  than  in  this  particular  industry. 

In  basic  electric-furnace  practice  the  manganese-silicon  alloys,  on 
the  same  grounds,  could  likewise  be  utilized,  particularly  as  the 
attempt  is  always  to  produce  sound  and  clean  ingots.  However,  in 
this  practice,  ferrosilicon  is  used  as  a  reducing  agent  along  with 
coke,  and  hence  the  operator  would  probably  not  see  any  advantage 
in  changing  his  practice  in  favor  of  the  manganese-silicon  alloys. 

BASIC    OPEN-HEARTH   PRACTICE. 

The  amount  of  information  available  on  the  use  of  sihcomanganese 
in  basic  open-hearth  practice  is  meager,  but  it  can  be  said  that 
sihcomanganese  can  be  used,  probably  with  as  satisfactory  results 
as  with  ferromanganese  and  ferrosilicon.  Through  the  cooperation 
of  one  steel  plant  the  writer  was  able  to  follow  two  shell-steel  heats 
made  with  sihcomanganese  which  was  added  to  the  ladle.  The 
results  of  the  second  of  these  heats  are  given  here  to  show  what  was 
done.  To  11,100  pounds  of  molten  pig  iron  in  the  ladle  was  tapped 
122,340   pounds    (estimated)    of   steel    analyzing    0.09    per    cent  C, 
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0.12  per  cent  P,  0.15  per  cent  Mn,  0.033  per  cent  S,  and  0.02  per 
cent  Si.  At  the  same  time  1,000  pounds  of  silicomanganese  (50  per 
cent  Mn),  300  pounds  of  70  per  cent  ferromanganese,  12  pounds  of 
aluminum,  and  50  pounds  of  coal  were  added  to  the  ladle.  The  heat 
was  in  excellent  condition  and  the  ingots  had  smooth  even  tops  and 
displayed  no  superficial  action  or  evolution  of  gas.  The  final  analysis 
was  0.40  per  cent  C,  0.028  per  cent  P,  0.58  per  cent  Mn,  0.041 
per  cent  S,  and  0.21  per  cent  Si.  The  recovery  of  manganese,  assuming 
the  entire  loss  to  come  from  the  alloy  added,  was  77.5  per  cent;  the 
recovery  of  silicon  was  65.1  per  cent.  Only  24  pounds  of  carbon,  or 
5  per  cent  of  the  total  was  lost.  In  the  first  heat,  which  was  thought 
to  be  more  highly  oxidized,  the  recovery  of  silicon  was  onh'  58 
per  cent  while  the  recovery  of  manganese  was  only  slightly  less. 
These  results  indicate  that  silicon  protects  manganese  in  "oxidized" 
heats. 
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